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(54) POWER SUPPLY METHOD TO DISCHARGE ELECTRODE, HIGH- FREQUENCY PLASMA 
GENERATION METHOD, AND SEMICONDUCTOR- MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a power supply 
method to a discharge electrode, a high-frequency plasma 
generation method, and a semiconductor thin-film 
manufacturing method that can generate a uniform plasma with 
large area, and perform uniform treatment to a large substrate 
or the like in a plasma CVD utilizing a very high 
frequency(VHF) or the like. 

SOLUTION: In this power supply method to the discharge 
electrode for generating a discharge state based on 
high-frequency power that is fed to the discharge electrode, a 
high-frequency power supply where high frequencies with a 
different oscillation frequency are independent each other is 
used, and the generation of a standing wave is inhibited by 
difference in the frequency of each power supply. 
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CLAIMS 



[Claim(s)] 

[Claim l]It is a power feeding method to a discharge electrode for generating a discharge state based on 
high-frequency power to which electric power was supplied by discharge electrode, A power feeding 
method to a discharge electrode supplying high frequency of different oscillating frequency using an RF 
generator which carries out mutually-independent, and controlling generating of a standing wave 
according to a difference of frequency of each power supply. 

[Claim 2] A power feeding method to a discharge electrode making a difference of frequency between 
each RF generator into less than 20% of oscillating frequency of each RF generator in a method 
according to claim 1. 

[Claim 3] A power feeding method to a discharge electrode controlling frequency of each RF generator 
by one set of an oscillator in a method according to claim 1 or 2. 

[Claim 4]it being a power feeding method for generating a discharge state based on high-frequency 
power to which electric power was supplied, and being two or an RF generator beyond it, and each 
frequency differing, or, A power feeding method to a discharge electrode characterized by arranging 
mutually two or more feeding points to a discharge electrode to a symmetric position in a power feeding 
method linked to a discharge electrode beyond one or it in one discharge container using an RF 
generator from which a temporal change of each phase contrast differs. 

[Claim 5]it being a power feeding method for generating a discharge state based on high-frequency 
power to which electric power was supplied, and each frequency differing, using two or an RF generator 
beyond it, or, In a power feeding method which connects with a discharge electrode beyond one or it in 
one discharge container using an RF generator from which a temporal change of each phase contrast 
differs, A power feeding method to a load electrode, a consistency machine which performs an 
impedance match of an RF generator, and a discharge electrode installing an isolator between the RF 
generators concerned, reducing incidence high-frequency power from other RF generators to the RF 
generator concerned, and protecting the power supply concerned. 

[Claim 6] A power feeding method with which a difference of frequency of each RF generator is 
characterized by being less than 1% preferably less than 4% of an average of frequency in a method 
according to claim 5. 

[Claim 7]In a power feeding method which is a power feeding method for generating a discharge state 
based on high-frequency power to which electric power was supplied, and connects with a discharge 
electrode beyond one or it in one discharge container using two or an RF generator beyond it, A power 
feeding method to a discharge electrode restricting an output of RF generators other than the RF 
generator concerned, reducing incidence high-frequency power from other RF generators to the RF 
generator concerned, and protecting the RF generator concerned with a size of high-frequency power 
which enters into each RF generator from the discharge electrode side. 

[Claim 8]it being a power feeding method for generating a discharge state based on high-frequency 
power to which electric power was supplied, and each frequency differing, using two or an RF generator 
beyond it, or, A power feeding method to a discharge electrode combining high-frequency power from 
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two or more RF generators by a high frequency mixer, and supplying electric power to a discharge 
electrode in a power feeding method linked to a discharge electrode beyond one or it in one discharge 
container using an RF generator from which a temporal change of each phase contrast differs. 
[Claim 9] A power feeding method to a discharge electrode changing distribution of voltage which it is a 
power feeding method to a discharge electrode for generating a discharge state based on high-frequency 
power to which electric power was supplied, and a voltage swing of the high-frequency power 
concerned is changed in time, namely, is produced in the discharge electrode concerned by carrying out 
AM. 

[Claim 10] A cycle which is a reciprocal of a difference of frequency in a power feeding method any or 
given in one among Claims 1-9, Or a power feeding method to a discharge electrode are shorter than a 
disappearance life of an activity atom in plasma generated with the discharge electrode concerned, an 
activated molecule, or ion, and making or less into 1/2 preferably a cycle which is a reciprocal of AM 
frequency. 

[Claim 1 l]Life tau:tau**(deltax) 2 /(2D) of a SiH 3 activated molecule calculated from a lower type in a 

power feeding method any or given in one in a cycle which is a reciprocal of a difference of frequency, 
or a cycle which is a reciprocal of AM ****** among Claims 1-9 

Here D with a diffusion coefficient D=2.5xl0 3 (cm 2 / second), A power feeding method to a discharge 
electrode, wherein deltax is shorter than distance (cm) from an electrode to a substrate, either which is a 
radical life l.lxlO" 4 second 2 hydrogen atoms, or both and carries out to 1/2 or less preferably. 
[Claim 12] A cycle which is a reciprocal of a difference of frequency in a power feeding method any or 
given in one among Claims 1-9, Or a power feeding method to a discharge electrode are longer than a 
generating life of an activity atom in plasma generated with the discharge electrode concerned, an 
activated molecule, or ion, and making into 4 or less times preferably a cycle which is a reciprocal of 
AM frequency more than twice 10 or less times. 

[Claim 13] A power feeding method to a discharge electrode a cycle which is a reciprocal of a difference 
of frequency, or a cycle which is a reciprocal of AM frequency being 1 millisecond or less preferably 1 
or less second in a power feeding method any or given in one among Claims 1-9. 
[Claim 14] A power feeding method to a discharge electrode are longer than the discharge region 
residence time t of material gas calculated from a lower type, and making preferably into more than 
twice a cycle which is a reciprocal of a difference of frequency, or a cycle which is a reciprocal of AM 
frequency in a power feeding method any or given in one among Claims 1-9. 

t**(S-deltax)/Q, however S are substrate areas (cm 2 ). 

deltax is the distance (cm) from a discharge electrode to a substrate. 

Q is a volumetric flow rate (cm 3 / second). 

[Claim 15] A power feeding method to a discharge electrode characterized by a discharge electrode 
being a rudder type electrode or a mesh shape electrode in a power feeding method any or given in one 
among Claims 1-14 paragraphs. 

[Claim 16] A power feeding method to a discharge electrode characterized by a discharge electrode 
being a parallel plate type electrode in a power feeding method any or given in one among Claims 1-14 
paragraphs. 

[Claim 17] A power feeding method to a discharge electrode characterized by supplying high-frequency 
power from an RF generator beyond two sets or it among Claims 1-16 paragraphs at an electrode which 
installs a substrate among discharge electrodes in a power feeding method any or given in one, and each 
of an electrode which does not install a substrate. 

[Claim 18] A plasma generation method generating plasma with a power feeding method any or given in 
one among Claims 1-17. 

[Claim 19] A semiconductor manufacturing method or a surface treatment method characterized by 
attaining distribution equalization of film production, etching, or a surface treatment by a plasma 
generation method according to claim 18. 

[Claim 20]A plasma generation method making generating of an activated molecule within plasma 
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efficient by moving plasma to a Claims 1-17 paragraph spatially and in time with a power feeding 
method of a description. 

[Claim 21] A semiconductor manufacturing method or a surface treatment method characterized by 
attaining improvement in the speed of film production, etching, or a surface treatment by a plasma 
generation method according to claim 18. 

[Claim 22] A power feeding method, a plasma generation method, a semiconductor manufacturing 
method, or a surface treatment method in a range whose frequency of all the high frequency used for 
either of the Claims 1-21 paragraphs in a power feeding method of a description, a plasma generation 
method, or a semiconductor manufacturing method is 10-800 MHz. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim l]It is a power feeding method to a discharge electrode for generating a discharge state based on 
high-frequency power to which electric power was supplied by discharge electrode, A power feeding 
method to a discharge electrode supplying high frequency of different oscillating frequency using an RF 
generator which carries out mutually-independent, and controlling generating of a standing wave 
according to a difference of frequency of each power supply. 

[Claim 2] A power feeding method to a discharge electrode making a difference of frequency between 
each RF generator into less than 20% of oscillating frequency of each RF generator in a method 
according to claim 1. 

[Claim 3]A power feeding method to a discharge electrode controlling frequency of each RF generator 
by one set of an oscillator in a method according to claim 1 or 2. 

[Claim 4]it being a power feeding method for generating a discharge state based on high-frequency 
power to which electric power was supplied, and being two or an RF generator beyond it, and each 
frequency differing, or, A power feeding method to a discharge electrode characterized by arranging 
mutually two or more feeding points to a discharge electrode to a symmetric position in a power feeding 
method linked to a discharge electrode beyond one or it in one discharge container using an RF 
generator from which a temporal change of each phase contrast differs. 

[Claim 5]it being a power feeding method for generating a discharge state based on high-frequency 
power to which electric power was supplied, and each frequency differing, using two or an RF generator 
beyond it, or, In a power feeding method which connects with a discharge electrode beyond one or it in 
one discharge container using an RF generator from which a temporal change of each phase contrast 
differs, A power feeding method to a load electrode, a consistency machine which performs an 
impedance match of an RF generator, and a discharge electrode installing an isolator between the RF 
generators concerned, reducing incidence high-frequency power from other RF generators to the RF 
generator concerned, and protecting the power supply concerned. 

[Claim 6] A power feeding method with which a difference of frequency of each RF generator is 
characterized by being less than 1% preferably less than 4% of an average of frequency in a method 
according to claim 5. 

[Claim 7] In a power feeding method which is a power feeding method for generating a discharge state 
based on high-frequency power to which electric power was supplied, and connects with a discharge 
electrode beyond one or it in one discharge container using two or an RF generator beyond it, A power 
feeding method to a discharge electrode restricting an output of RF generators other than the RF 
generator concerned, reducing incidence high-frequency power from other RF generators to the RF 
generator concerned, and protecting the RF generator concerned with a size of high-frequency power 
which enters into each RF generator from the discharge electrode side. 

[Claim 8 Jit being a power feeding method for generating a discharge state based on high-frequency 
power to which electric power was supplied, and each frequency differing, using two or an RF generator 
beyond it, or, A power feeding method to a discharge electrode combining high-frequency power from 
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two or more RF generators by a high frequency mixer, and supplying electric power to a discharge 
electrode in a power feeding method linked to a discharge electrode beyond one or it in one discharge 
container using an RF generator from which a temporal change of each phase contrast differs. 
[Claim 9] A power feeding method to a discharge electrode changing distribution of voltage which it is a 
power feeding method to a discharge electrode for generating a discharge state based on high-frequency 
power to which electric power was supplied, and a voltage swing of the high-frequency power 
concerned is changed in time, namely, is produced in the discharge electrode concerned by carrying out 
AM. 

[Claim 10] A cycle which is a reciprocal of a difference of frequency in a power feeding method any or 
given in one among Claims 1-9, Or a power feeding method to a discharge electrode are shorter than a 
disappearance life of an activity atom in plasma generated with the discharge electrode concerned, an 
activated molecule, or ion, and making or less into 1/2 preferably a cycle which is a reciprocal of AM 
frequency. 

[Claim 1 l]Life tau:tau**(deltax) 2 /(2D) of a SiH 3 activated molecule calculated from a lower type in a 

power feeding method any or given in one in a cycle which is a reciprocal of a difference of frequency, 
or a cycle which is a reciprocal of AM ****** among Claims 1-9 

Here D with a diffusion coefficient D=2.5xl0 3 (cm 2 / second), A power feeding method to a discharge 
electrode, wherein deltax is shorter than distance (cm) from an electrode to a substrate, either which is a 

radical life l.lxlO" 4 second 2 hydrogen atoms, or both and carries out to 1/2 or less preferably. 
[Claim 12] A cycle which is a reciprocal of a difference of frequency in a power feeding method any or 
given in one among Claims 1-9, Or a power feeding method to a discharge electrode are longer than a 
generating life of an activity atom in plasma generated with the discharge electrode concerned, an 
activated molecule, or ion, and making into 4 or less times preferably a cycle which is a reciprocal of 
AM frequency more than twice 10 or less times. 

[Claim 13] A power feeding method to a discharge electrode a cycle which is a reciprocal of a difference 
of frequency, or a cycle which is a reciprocal of AM frequency being 1 millisecond or less preferably 1 
or less second in a power feeding method any or given in one among Claims 1-9. 
[Claim 14] A power feeding method to a discharge electrode are longer than the discharge region 
residence time t of material gas calculated from a lower type, and making preferably into more than 
twice a cycle which is a reciprocal of a difference of frequency, or a cycle which is a reciprocal of AM 
frequency in a power feeding method any or given in one among Claims 1-9. 

t**(S-deltax)/Q, however S are substrate areas (cm 2 ). 

deltax is the distance (cm) from a discharge electrode to a substrate. 

Q is a volumetric flow rate (cm 3 / second). 

[Claim 15] A power feeding method to a discharge electrode characterized by a discharge electrode 
being a rudder type electrode or a mesh shape electrode in a power feeding method any or given in one 
among Claims 1-14 paragraphs. 

[Claim 16] A power feeding method to a discharge electrode characterized by a discharge electrode 
being a parallel plate type electrode in a power feeding method any or given in one among Claims 1-14 
paragraphs. 

[Claim 17] A power feeding method to a discharge electrode characterized by supplying high-frequency 
power from an RF generator beyond two sets or it among Claims 1-16 paragraphs at an electrode which 
installs a substrate among discharge electrodes in a power feeding method any or given in one, and each 
of an electrode which does not install a substrate. 

[Claim 18] A plasma generation method generating plasma with a power feeding method any or given in 
one among Claims 1-17. 

[Claim 19] A semiconductor manufacturing method or a surface treatment method characterized by 
attaining distribution equalization of film production, etching, or a surface treatment by a plasma 
generation method according to claim 18. 

[Claim 20] A plasma generation method making generating of an activated molecule within plasma 
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efficient by moving plasma to a Claims 1-17 paragraph spatially and in time with a power feeding 
method of a description. 

[Claim 21] A semiconductor manufacturing method or a surface treatment method characterized by 
attaining improvement in the speed of film production, etching, or a surface treatment by a plasma 
generation method according to claim 18. 

[Claim 22]A power feeding method, a plasma generation method, a semiconductor manufacturing 
method, or a surface treatment method in a range whose frequency of all the high frequency used for 
either of the Claims 1-21 paragraphs in a power feeding method of a description, a plasma generation 
method, or a semiconductor manufacturing method is 10-800 MHz. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The amorphous silicon by which this invention is used for a solar cell, a thin film 
transistor, etc., It is related with the power feeding method, the plasma generation method using this, and 
semiconductor manufacturing method to a discharge electrode of the high frequency plasma generator 
used for film production of semiconductors, such as microcrystal silicon, polycrystalline thin film 
silicon, and silicon nitride, and etching of semiconductor membrane. It can use also for various kinds of 
surface treatments using discharge. 
[0002] 

[Description of the Prior Art] As an example of the composition of the above-mentioned high frequency 
plasma generator, and the manufacturing method of the semiconductor using it, About the case where 
amorphous silicon semiconductor membrane (henceforth a-Si) is manufactured with a plasma-chemical- 
vapor-deposition device (henceforth a PCVD device), the example of representation in two the case 
where ** parallel plate type electrode is used, and at the time of using ** rudder electrode is given and 
explained. 

[0003] Drawing 8 shows the example of 1 composition of the device using the parallel plate type 
electrode of ** very generally used for a-Si film production. The substrate heater 2 is installed in the 
reaction vessel 1 , and it grounds electrically. It separates from the substrate heater 2 in the substrate 
heater 2 and the position which countered 20 mm, for example, and the plate electrode 3 is installed in it. 
External RF generator 4 is connected to the plate electrode 3 via the impedance matching box 5 and the 
coaxial cable 6. The earth shield 8 is installed in the plate electrode 3 so that unnecessary plasma may 
not generate to the substrate heater 2, the field which counters, and an opposite hand. 
[0004]a-Si film production is performed in the following procedures. First, for example, the substrate 16 
which produces a-Si thin film is installed on the substrate heater 2 set as 200 **. SiH 4 gas is introduced 

for example, by rate-of-flow 50sccm from the gas supply line 17, and the pressure in the reaction vessel 
1 is adjusted for example, to lOOmTorr by adjusting the exhaust speed of a vacuum pump system linked 
to the evacuation pipe 18 which is not illustrated. High-frequency power is supplied and plasma is 
generated between the substrate 16 and the plate electrode 3. The impedance matching box 5 is adjusted 
so that high-frequency power may be efficiently supplied to a plasma generating part. In the plasma 19, 
SiH 4 decomposes and a-S ** is produced by the substrate 16 surface, for example, a for [ 10 minutes ] 

grade — a-Si film of required thickness is produced by producing a film in this state. 
[0005] Drawing 9 shows the example of 1 composition of the device which used the rudder electrode 303 
of**. About the rudder electrode, details are reported to JP,H4-236781,A. Drawing 10 is the figure 
drawn from the direction of A of drawing 9 so that the structure of the rudder electrode 303 might be 
known well. Although the electrode of the mesh shape which two electrode groups which put two or 
more pole bolts in order in parallel like a rudder electrode as electrode shape into which the rudder 
electrode was developed were made to go direct, and was arranged is reported to JP,H1 1-1 1 1622, A, 
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This is also considered to be a kind of a rudder electrode and can be used similarly. 

[0006]The substrate heater 2 (not shown to drawing 10) is installed in the reaction vessel 1, and it 

grounds electrically. It separates from the substrate heater 2 in the substrate heater 2 and the position 

which countered 20 mm, for example, and the rudder electrode 303 is installed in it. External RF 

generator 4 is connected to the rudder electrode 303 via the impedance matching box 5 and the coaxial 

cable 6. The earth shield 308 is installed in the rudder electrode 303 so that unnecessary plasma may not 

generate to the substrate heater 2, the field which counters, and an opposite hand. 

[0007]a-Si film production is performed in the following procedures. First, for example, the substrate 16 

which produces a-Si film is installed on the substrate heater 2 set as 200 **. SiH 4 gas is introduced for 

example, by rate-of-flow 50sccm from the gas supply line 17, and the pressure in the reaction vessel 1 is 
adjusted for example, to lOOmTorr by adjusting the exhaust speed of a vacuum pump system linked to 
the evacuation pipe 18 which is not illustrated. High-frequency power is supplied and plasma is 
generated between the substrate 16 and the rudder electrode 303. The impedance matching box 5 is 
adjusted so that high-frequency power may be efficiently supplied to plasma 319 generating part. In the 
plasma 319, SiH 4 decomposes and a-Si film is produced by the substrate 16. For example, a-Si film of 

****** thickness is produced by producing a film in this state about 10 minutes. 
[0008]This example of composition has the following features of two points as compared with the 
example of composition of drawing 8 . The first feature is using the electrode called the rudder type 
which constructed ****** of the circular section to the ladder form, not using a plate electrode as an 
electrode. Since the SiH 4 gas of a raw material flows freely between pole bolts, this electrode has the 

feature that feeding is performed uniformly. The second feature is having gone to two or more (here four 

points) parts rather than having supplied electric power to one place of an electrode. 

[0009] 

[Problem(s) to be Solved by the Invention]Now, quality improvement of low-cost-izing according [ thin 
film transistors for the thin film semiconductor for solar cells and flat-panel displays produced using the 
above-mentioned art ] to high-speed film production and low defect density, a high crystallization rate, 
etc. is called for. The new plasma production methods which fill these demands include high high 
frequency-ization (30-800 MHz) of an RF generator. It is describing that improvement in the speed and 
quality improvement of film production speed are compatible by high frequency-ization document Mat. 
Res. Soc. Symp. Proc. Vol. 424, pp.9, and 1997, for example. It turns out these days that this high high 
frequency is suitable for high-speed quality film production of the micro crystallite Si thin film which 
attracts attention as a new thin film which replaces a-Si especially. 

[0010]However, there is a fault that uniform large area film production is difficult for the film 
production by this high high frequency. This from the wavelength of high high frequency being an order 
comparable as electrode size. It is because plasma becomes uneven by generating of the electrode top 
standing wave which makes the main factor the reflected wave produced in an electrode end etc., the 
influence on the distribution of voltage by existence of floating inductance, the mutual interference of 
plasma and high frequency, etc. and a result and film production become uneven. 
[001 1]** In the above-mentioned example of composition quoted as an example of representation at the 
time of using parallel plate electrodes, if electrode size exceeds 30 cm x 30 cm or frequency exceeds 30 
MHz, the influence of the above-mentioned standing wave will become remarkable, and achievement of 
**10% of indispensable film production thickness uniformity will become difficult on semiconductor 
film production. 

[0012] Drawing 11 is one example of the distribution of voltage by the standing wave in 100 MHz. Ion 
saturation current distribution is also simultaneously shown in drawing 11 . Since ion saturation current 
distribution is almost equal to electron density distribution and Measurement Division is easy, generally 
it is used as an index of plasma distribution. It turns out that the standing wave will have arisen on the 
electrode if distribution of voltage is seen, and ion saturation current distribution, i.e., plasma 
distribution, is uneven corresponding to it. 

[0013]In addition to using the rudder electrode, drawing 9 raised on the other hand as an example of 
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representation at the time of using ** rudder electrode and drawing 10 reduced the standing wave 
produced notably by supplying electric power to four points by one-point electric supply.However, if 
electrode size exceeds 30 cm or frequency exceeds 80 MHz even in this case, realization of uniform film 
production will become difficult. 

[0014]The distribution of voltage produced on a rudder electrode when four points supply electric power 
to drawin g 12 at 60 MHz and 100 MHz is shown. Although 60 MHz shows comparatively uniform 
distribution of voltage, in 100 MHz, it is uneven. The feeding point position of four points needs to find 
an optimal position by trial and error, and requires time and effort dramatically. When film production 
conditions, such as gas pressure and high-frequency power, are changed, there is a problem that an 
optimal position will change. 

[00 15] As the above problems attract attention also at a society and being described document Mat. Res. 
Soc.Symp. Proc. Vol. 377, pp.27, and 1995 until now, Connecting the reactance (coil) which does not 
have a loss in an opposite hand the electric supply side of a parallel plate is proposed. This is changing 
the reflective conditions from the electrode end of a standing wave, and distribution generates a 
comparatively even portion, for example, near the maximum of a sine wave, on an electrode in the 
waveform of a standing wave, and it lessens distribution of voltage produced in an electrode. However, 
since this method does not lose a standing wave from the origin but an even portion only generates it on 
an electrode among sine waves, it is to about [ of wavelength ] 1/8 that a uniform portion is obtained, 
and equalization of the range exceeding it is theoretically impossible. 100 MHz shows distribution of 
voltage when the termination of the end of a parallel plate is carried out by a reactance (coil) without a 
loss to drawing 13 . Thus, although about 30 cm is uniform from a termination end, it is uneven more 
and this portion cannot be used for film production. 

[00 16] As mentioned above, in the plasma generation using high high frequency, by a Prior art, uniform 
plasma was generated in the large area for a very big substrate which exceeds 1 m x 1 m, and uniform 
processing was not able to be performed. 

[0017]in addition — as the analogous art of this invention — two — things — to two discharge electrodes, 
there is the art supplied, respectively high frequency and it, For example, M. Noisan, J. Pelletier, ed., 
"Microwave Excited Plasmas", It is explained by Technology, 4, second impression, pp.401, and 
Elsevier Science B.V. 1999 in full detail. 

[001 8]However, the purpose of this art one high frequency for plasma production, Use the high 
frequency of another side for control of the surface bias voltage of an insulating substrate, and are 
controlling the inflow and incidence energy of active ion etc. to a substrate, and it is aimed at a very big 
substrate which exceeds 1 m x 1 m of this invention, Uniform plasma is generated in a large area and it 
completely differs from the purpose of performing uniform processing. 

[0019]This invention was made in order to solve an aforementioned problem, and it is ****. In the 
plasma CVD using (VHF), the purpose is to provide the power feeding method, high frequency plasma 
production device, and semiconductor membrane manufacturing method to the discharge electrode 
which can make uniform plasma able to generate with a large area for a big substrate, and can perform 
uniform processing. 

[0020] 

[Means for Solving the Problem]The 1st of an invention of a high frequency discharge electrode which 
solves said SUBJECT is devised that uniform film production should be carried out also to a substrate of 
very big size over 1 m x 1 m by losing theoretically generating of a standing wave produced on an 
electrode in consideration of such a situation, and making distribution of voltage uniform. 
[0021] As an uneven generation cause of plasma density in high high frequency, as mentioned above, 
although generating of an electrode top standing wave, influence on distribution of voltage by existence 
of floating inductance, mutual interference of plasma and high frequency, etc. have been considered, As 
a result of artificers' examining this wholeheartedly, as described in Object of the Invention, it found out 
that standing wave generating on an electrode was the main factor. Then, it considered supplying two 
frequency to an electrode and producing peat as a means to lose generating of a standing wave 
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theoretically. 

[0022]Below, in order to make it intelligible, it simplifies and explains. Namely, simplify to one 
dimension and a case where two frequency is supplied from both ends of one electrode is considered, If 
decay of waves of each high frequency can be disregarded, and each amplitude of an acoustic phase 
coefficient is equal at 1 and reflection by an electrode end can ignore small, a wave of high frequency 
supplied from both ends is given by the lower formula (1) and (2), respectively. 
[OO^Jphi^cos (omegajt-kjz) .... (1) 

phi 2 =cos (omega^+^z) .... (2) 

Here, as for angular frequency (rad/s) of each wave, and k, (s), time, and z of a wave number (rad/m) 
and t are [ omega ] positions (m). 

[0024]The wave number k is expressed like a following formula (3) using the phase velocity v (m/s) and 
angular-frequency omega. 
[0025]k 1 =omega 1 /v 1 and k 2 =omega2/v 2 — (3) 

The distribution of voltage phi on an electrode is expressed, peace (4), i.e., a lower type, of these waves. 
[0026] 

phi==phi 1 +phi 2 =cos(omega 1 t-k 1 z)+cos(omega 2 t+k 2 z) =2cos(omega ave t-k mod z) cos (omega mod t- 
k ave z) (4) 

omega ave =omega 1 +omega 2 /2, and omega mod =omega 1 -omega 2 /2, k ave =k 1 +k 2 /2, and k mod =k 1 -k 2 /2 

first, [ however, ] In omega 1 =omega 2 (i.e., when high frequency of the same frequency is supplied from 

both ends), it thinks. This corresponds, when high-frequency power is distributed to two and supplied, 
for example from a single power supply, or when two or more RF generators are synchronized by high 
frequency from a single oscillator, it operates and the output is supplied. In this case, the distribution of 
voltage phi is expressed with a lower type (5). 
[0027] 

phi=2cos(omega 1 t) cos (-omegaj/vj-z) .... (5) 

An upper type (5) shows that the carrier wave cos (omegajt) of angular-frequency omega 1 and a 
standing wave which consists of the envelope cos (-omegaj/Vj-z) arise. 

[0028]On the other hand, in omegaj !=omega 2 from which frequency is different, the distribution of 

voltage phi is searched for by a lower formula (6). 
[0029] 

phi=2cos(omega ave t-k mod z) cos (omega mod t-k ave z) 
.... (6) 

The earner wave cos (omega ave t-k mod z) of angular-frequency omega ave[ from an upper ^ (6) } , 

Becoming the modulated wave cos (omega mod t-k aye z) of angular- frequency omega mod generally called 

a "beat" or a "beat", a modulated wave moves spatially and does not turn into a standing wave. 
[0030]Based on this principle, this invention by supplying high frequency of different frequency beyond 
two or it to an electrode, Obtaining high-speed quality film production using high high frequency, very 
much, also with the device for big board size which exceeds 1 m x 1 m, for example, generating of a 
standing wave in an electrode is suppressed and a power feeding method to a discharge electrode which 
enables uniform plasma and uniform processing is provided. 

[0031]The second of this invention provides a method of power supply protection required in order to 
supply high frequency to an electrode from a power supply beyond two or it. 

[0032]A method of raising processing efficiency by making it a cycle to which an activated molecule in 
plasma required for the plasma treatment, etc. generate efficiently a cycle of the third plasma generation 
of this invention is provided. 

[0033] A method of equalizing reduction of particle, improvement in membraneous quality, and film 
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pressure distribution is provided by making a cycle of the fourth plasma generation of this invention into 
a cycle effective for discharge from control of generating of particle, or a discharge region of particle. 
[0034]Hereafter, details are explained for every claim. 

[0035] An invention of a power feeding method to a high frequency discharge electrode of Claim 1 
which solves said SUBJECT aims to acquire an effect from using two sets of independent RF generators 
as a concrete means to supply two frequency (omega 1 !=omega 2 ) to an electrode. Usually, for example, 

when two 60-MHz power supplies are prepared, usually because of accuracy of an oscillator built in 
each, there is a difference in frequency of about hundreds of kHz. Therefore, omegaj !=omega 2 can be 

automatically realized by this difference, generating of a standing wave can be controlled, and solution 
of SUBJECT can be aimed at by a very easy system. 

[0036]Claim 2 enlarges a difference of frequency between each RF generator not much, and it makes a 
difference of frequency less than 20% in order to prevent this, since performance of film production or 
etching will fall remarkably from performance of optimal frequency if frequency of one of the two shifts 
from optimal frequency greatly. 

[0037]In an entire independent power supply, since a difference of frequency may not be stabilized but a 
problem may arise in reproducibility, Claim 3 aims at securing reproducibility by controlling this to 
constant value. 

[0038]In controlling a standing wave using two or more power supplies, the aforementioned one- 
dimensional modeling needs to be applied, but Claim 4 arranges mutually two or more feeding points to 
a discharge electrode to a symmetric position as one concrete condition. 

[0039]When Claim 5 controls a standing wave using two or more power supplies, high frequency from 
which frequency and a phase are different from other power supplies to the power supply concerned 
enters, Between a load electrode, a consistency machine which performs an impedance match of an RF 
generator, and this cough RF generator for the purpose of preventing the power supply concerned from 
receiving damage, An isolator is installed, incidence high-frequency power from other RF generators to 
the RF generator concerned is reduced, and the power supply concerned is protected. 
[0040]In Claim 5, frequency bandwidth of an isolator which can actually be manufactured easily Claim 
6, In 1 kW or less of high-frequency power, it is about 4%, and since it is about 1% in about 2 kW of 
high-frequency power, a system construction in within the limits of this is considered, and it is 
characterized by being less than 1% preferably less than 4% of an average of a difference of frequency 
of each RF generator of frequency. 

[0041]When Claim 7 controls a standing wave using two or more power supplies, high frequency from 
which frequency and a phase are different from other power supplies to the power supply concerned 
enters, That the power supply concerned receives damage with a size of high-frequency power which 
enters into each RF generator from the discharge electrode side for the purpose of preventing. Restrict 
an output of RF generators other than the RF generator concerned, and incidence high-frequency power 
from other RF generators to this cough RF generator is reduced, In controlling a standing wave using 
two or more power supplies, Claim 8 which is a thing protecting the RF generator concerned by 
supplying high frequency of two or more frequency from the one feeding point, High-frequency power 
from two or more RF generators is combined by a high frequency mixer for the purpose of building a 
system cheaply compared with a case where it supplies, from the separate feeding point, and electric 
power is supplied to a discharge electrode. 

[0042]Claim 9 changes distribution of voltage produced in the discharge electrode concerned by 
changing a voltage swing of high-frequency power in time, namely, carrying out AM as means with 
another using two frequency as a means to control a standing wave. 

[0043] Since plasma will become a form which repeats ON/OFF and will have an adverse effect on 
results, such as film production quality, if cycle of Claim 10 is late in a power feeding method given in 
any 1 paragraph of Claims 1-9, A cycle which is a reciprocal of a difference of frequency as conditions 
required in order to prevent this, and to continue a state of ON in false, Or it is shorter than a 
disappearance life of an activity atom in plasma generated with the discharge electrode concerned, an 
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activated molecule, or ion, and a cycle which is a reciprocal of AM frequency is preferably made or less 
into 1/2. 

[0044] Since plasma will become a form which repeats ON/OFF and will have an adverse effect on 
results, such as film production quality, if cycle of Claim 1 1 is late in a power feeding method given in 
any 1 paragraph of Claims 1-9, A cycle which is a reciprocal of a difference of frequency as conditions 
required in order to prevent this, and to continue a state of ON in false, Or life tau:tau**(deltax) 2 [ of a 
SiH 3 activated molecule concretely called for from a lower type (7) for silicon thin film film production 

using Silang in a cycle which is a reciprocal of AM frequency ]/(2D) — (7) 

Here D with a diffusion coefficient D=2.5xl0 3 (cm 2 s _1 ), deltax is shorter than distance (cm) from an 
electrode to a substrate, either which is a radical life l.lxlO" 4 second 2 hydrogen atoms, or both, and 
carries out to 1/2 or less preferably. 

[0045]In a power feeding method given in any 1 paragraph of Claims 1-9 Claim 12, It is aimed at 
application which an activity atom, an activated molecule, or ion in plasma begins to generate in OFF 
time after a plasma generation, for example, application to etching etc., Make a cycle late purposely, 
make OFF time of plasma intentionally, and sufficient OFF time to be generated by an activity atom, an 
activated molecule, or ion in plasma is held, And as conditions which generate the activity atom 
concerned, an activated molecule, or ion efficiently by generating the following plasma and turning off 
again before activity original hands, activated molecules, or ion in the plasma decrease in number, It is 
longer than a generating life of an activity atom in plasma generated with the discharge electrode 
concerned, an activated molecule, or ion, and a cycle which is a reciprocal of a difference of frequency, 
or a cycle which is a reciprocal of AM frequency is preferably made into 4 or less times more than twice 
10 or less times. 

[0046]Claim 13 aims at reduction of particle in a power feeding method any or given in one by a cycle 
which is a reciprocal of a difference of frequency, or a cycle which is a reciprocal of AM frequency 
being 1 millisecond or less preferably 1 or less second among Claims 1-9. 

[0047]In a power feeding method any or given in one among Claims 1-9 Claim 14, Reduction of particle 
is aimed at by being longer than the discharge region residence time t of material gas calculated from a 
lower type (8), and making preferably into more than twice a cycle which is a reciprocal of a difference 
of frequency, or a cycle which is a reciprocal of AM frequency. 
[0048]t**(S-deltax)/Q - (8) 

However, S is a substrate area (cm 2 ). 

deltax is the distance (cm) from a discharge electrode to a substrate. 
Q is a volumetric flow rate (cm 3 / second). 

Claim 15 is characterized by a discharge electrode being a rudder type electrode as one concrete 
condition that the aforementioned one-dimensional modeling is realized simply in a power feeding 
method given in any 1 paragraph of Claims 1-14. 

[0049]Claim 16 is characterized by a discharge electrode being a parallel plate type electrode as a 
method generally used for any 1 paragraph of Claims 1-14 in a power feeding method of a description. 
[0050]In a power feeding method given in any 1 paragraph of Claims 1-16 Claim 17, An electrode 
which installs a substrate among discharge electrodes for the purpose of supplying high-frequency 
power for being one of the 2 frequency for securing homogeneity, and adjusting incidence energy of ion 
to a substrate to a substrate lateral electrode, High-frequency power is supplied to each of an electrode 
which does not install a substrate from an RF generator beyond two sets or it. 
[0051] Claim 18 is the plasma generation method characterized by generating plasma with a power 
feeding method given in any 1 paragraph of Claims 1-17. 

[0052]Claim 19 is a semiconductor manufacturing method or a surface treatment method characterized 
by attaining film production of a semiconductor, or distribution equalization of etching by a plasma 
generation method according to claim 18. 

[0053]Claim 20 is the plasma generation method making generating of an activated molecule within 
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plasma efficient by moving plasma spatially and in time with the power feeding method according to 
claim 1 to 17. 

[0054]Claim 21 is a semiconductor manufacturing method characterized by attaining film production of 
a semiconductor, or improvement in the speed of etching by a plasma generation method according to 
claim 18. 

[0055]In a power feeding method, a plasma generation method, a semiconductor manufacturing method, 
or a surface treatment method given in either of the Claims 1-21 paragraphs Claim 22, It is a power 
feeding method, a plasma generation method, a semiconductor manufacturing method, or a surface 
treatment method in a range whose frequency of all the high frequency to be used is 10-800 MHz. 
[0056] 

[Embodiment of the Invention]Hereafter, various desirable embodiments of this invention are described 
with reference to attached Drawings. 

[0057](A 1st embodiment) The high frequency plasma production device concerning a 1st embodiment 
of this invention is explained, referring to drawing 1 . The device 1 A is a high frequency plasma 
production device used in order to produce Si semiconductor membrane for solar cells, and is provided 
with the rudder electrode 303 and the ground electrode 3 as a discharge electrode in the reaction vessel 
2. The reaction vessel 2 is built airtightly and the gas supply line 17 and the exhaust pipe 18 are carrying 
out the opening to the proper place, respectively. The gas supply line 17 is open for free passage to the 
gas supply source which is not illustrated, and the gas for film production is introduced in the reaction 
vessel 17 through this. The exhaust pipe 18 is open for free passage to the vacuum pump's which is not 
illustrated suction side. Incidentally evacuation of the internal pressure of the reaction vessel 2 can be 

carried out now to a lxlO" 6 Torr grade with a vacuum pump. 

[0058]Facing arrangement of the ground electrode 3 and the rudder electrode 303 is carried out with the 
predetermined interval (for example, 20-mm interval). The ground electrode 3 is provided with the 
mechanism (not shown) for holding the glass substrate 16 as a processed object, and contains the heater 
(not shown) for heating the substrate 16. The ground electrode 3 is made into 2.1 m x 2.1-m angular size 
when the processed boards 16 are 2.0 m x 2.0-m angular size, and it is grounded. As for the gas diffuser 
of the gas supply line 17, it is more desirable than the rudder electrode 303 to carry out the opening 
behind, and it is preferred that gas is supplied in parallel from two or more parts. 
[0059]The rudder electrode 303 comes to assemble two or more parallel lengthwise direction pole bolts 
304 and the transverse direction pole bolt 305 of a couple in the shape of a lattice, and facing 
arrangement is carried out in parallel with the substrate 16 held with the ground electrode 3. 
[0060]The four feeding points 9a and 9bj are provided in the rudder electrode 303. Among these, the 1st 

two feeding point 9a is formed in one transverse direction pole bolt 305, and two 2nd feeding point 9bj 

is provided in the transverse direction pole bolt 305 of another side. Each feeding point 9a and 9b j are 

located in the place which divides the transverse direction pole bolt 305 into about three equally, 
respectively. 

[0061]The consistency machine 7a, the power meter 6a, and 1st RF generator 5a are connected to this 
order via the coaxial cable 8a which branches at the 1st two feeding point 9a. 1st RF generator 5a builds 
in the high-frequency oscillator which oscillates high high frequency (VHF) with a frequency of 60.0 
MHz, and high high frequency (VHF) power with a frequency of 60.0 MHz is supplied to the rudder 
electrode 303 via the 1st two feeding point 9a. The coaxial cable 8a by the side of an electrode branched 
using the T junction plug from the consistency machine 7a. 

[0062]On the other hand, the consistency machine 7b, the power meter 6b, and 2nd RF generator 5b are 
connected to this order via the coaxial cable 8b which branches to the 2nd feeding point 9b v 2nd RF 

generator 5b is independently from 1st RF generator 5a, and the high-frequency oscillator which 
oscillates high high frequency (VHF) with a frequency of 60.3 MHz is built in, High high frequency 
(VHF) power with a frequency of 60.3 MHz is supplied to the rudder electrode 303 via two 2nd feeding 
point 9b v The coaxial cable 8b by the side of an electrode branched using the T junction plug from the 



http://ww4.ipdl.inpit.go^ 4/1/2010 



JP,200 1-274099, A [DETAILED DESCRIPTION] 



Page 8 of 14 



consistency machine 7b. 

[0063]When supplying the high high frequency (VHF) of mutually different frequency via the feeding 
point 9a and 9bj which counter in this way to the rudder electrode 303, the difference (this example 0.3 

MHz) of the frequency between two high high frequency (VHF) is important. The effect is mentioned 
later. 

[0064]It was made for one-dimensional distribution of voltage to arise in each of the lengthwise 
direction pole bolt 304 in this example by arranging the feeding point 9a and 9b x in the symmetrical 

position which makes the center of the whole electrode the middle point at each on two transverse 
direction ****** 305 which the rudder electrode 303 counters. While the phenomenon of moving the 
standing wave which this mentions later at high speed was seen and plasma production distribution of 
the lengthwise direction on each lengthwise direction pole bolt 304 became uniform, plasma production 
distribution between each lengthwise direction pole bolt 304 (lateral plasma distribution) was also able 
to be made uniform. 

[0065] About plasma production distribution of the latter transverse direction, equalization of plasma 
production distribution can be further attained by making it increase the number of the feeding points 
each from every two upper and lower sides (four totals) further with four upper and lower sides each 
(eight totals) and eight upper and lower sides (16 totals). 

[0066] Although electric power is supplied from the feeding point of every two upper and lower sides 
from the two power supplies 5 a and 5b in this example, respectively, equalization of plasma production 
distribution can be further attained by increasing the number of power supplies. For example, it is 
possible to raise the homogeneity of plasma production distribution further by supplying the high high 
frequency (VHF) power of frequency which is different from four power supplies to each of the four 
feeding points, respectively. 

[0067] Drawing 2 is an ultimate-lines figure showing the result of having measured the luminescence 
intensity of the plasma which took the position (arbitrary value) on a rudder electrode along the 
horizontal axis, took luminescence intensity (arbitrary value) along the vertical axis, and was generated 
using the device 1 A of this example with the CCD camera. The place out of which the value low three 
places has come by the inside of the size of a substrate in the figure hits the part which becomes a 
shadow of a lengthwise direction pole bolt from on the structure of a device and in which plasma is not 
in sight, and is unrelated to actual luminous intensity distributions. In the generation of high high 
frequency plasma which used the device 1A, the thing of 2 m x a 2-m angle for which **7% (127/of 
peak price minimum 1 1 1) of the homogeneity of emission distribution, i.e., plasma distribution, can be 
attained very much in a big area range became clear so that clearly from this figure. 
[0068]This is considered to be a sake by 0.3 MHz of delta frequencies of RF generator 1 and RF 
generator 2, i.e., the "beat" by 300 kHz, that the standing wave was able to be prevented from standing 
on an electrode. Or it can also be interpreted as the ability of the standing wave to have been moved at 
high speed by 300,000 waves in 1 second. That is, if it sees in a very short moment, standing wave 
distribution has arisen, but since this is moving at high speed, if it sees with a time average, it will be 
thought that it is uniform distribution. 

[0069]on the other hand, the speed to which a standing wave is moved should become quick, so that this 
delta frequency is large - although it comes out - high high frequency ~ in order to acquire the film 
production speed and film production quality which employed the original characteristic efficiently, it is 
not preferred to use frequency which is different not less than 20% from the frequency of high high 
frequency required in order to acquire film production speed and film production quality. As for the 
difference of frequency, in order for the consistency machine used for the prevention from incidence to 
the power supply of high-frequency power to function, it is still more preferred that it is less than 1%. In 
this example, from the difference of frequency being about 0.5%, film production speed quality was 
good, and incidence of the high frequency to a power supply was also able to be suppressed to the about 
[ 100W ] low value so that it might mention later. 

[0070]Next, a-Si film production and micro crystallite Si film production were performed in the 
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following procedures. 

[0071]First, for example, the substrate 16 of 2 m x 2-m angular size which produce a Si thin film was 
laid on the substrate heater 3 set as 200 **. SiH 4 gas was introduced for example, by rate-of-flow 

2000sccm from the gas supply line 17, and, in micro crystallite Si film production, in addition to SiH 4 

gas, about 50000 seem of hydrogen gas was poured further, for example. The pressure in the reaction 
vessel 1 was adjusted for example, to 200mTorr by adjusting the exhaust speed of a vacuum pump 
system linked to an evacuation pipe which is not illustrated. 

[0072]While supplying high high frequency (VHF) electric power with a frequency of 60.0 MHz from 
1st RF generator 5a, adjusting the 1st and 2nd consistency machines 7a and 7b, respectively so that 
high-frequency power may be efficiently supplied to plasma, When high high frequency (VHF) electric 
power with a frequency of 60.3 MHz is supplied and the power from both the power supplies 5a and 5b 
was totaled, high high frequency (VHF) electric power was supplied so that it might be set to 3000W, 
and plasma was made to generate between the substrate 16 and the rudder electrode 303 from 2nd RF 
generator 5b. In plasma, SiH 4 decomposed and a-Si film and the micro crystallite Si film were produced 

by the substrate face, for example, a for [ 10 minutes ] grade — the film of required thickness was 
produced by producing a film in this state. The thickness distribution of the produced sample is 
measured, a feeding point position is tuned finely, and the optimal distribution was acquired. The high 
speed on for example, micro crystallite film production and of l.Onm/second in film production speed 
was obtained, and homogeneity is **10% and attained the homogeneity needed with the Si-thin- film 
semiconductor for solar cells. 

[0073]When the membraneous quality of the made film was measured, it is high quality that the Raman 
peak ratio exceeds 9:1, for example etc., in addition a refractive index, the spectral characteristic, defect 
density, etc. hardly changed to the case where a film is produced using the same 60 MHz with a small 
sample (5 cm x about 5 cm), similarly. 

[0074]Since ON/OFF is repeated 300,000 times x twice in 1 second after this having enough quick 
ON/OFF of the plasma produced by high-speed movement of a standing wave, namely, a delta 
frequency being 300 kHz, 1 time of OFF time becomes below a 2x1 0- 6 second, and is a disappearance 
life (tau-(2 (cm)) 2 /(2x2.5xl0 3 (cm 2 / second)) =8xl0" 4 second) (it is short enough and) of a SiH 3 

activated molecule. And since it is shorter than the disappearance life l.lxlO -4 second of a hydrogen 
atom radical enough, it thinks because ON/OFF of plasma can be substantially disregarded now in a film 
production phenomenon. 

[0075]Furthermore it was obtained by this example, another effect is that there is dramatically little 
particle generated in the case of film production. This as indicated to the prior art reference (Yukio 
Watanabe, Shoji Shiraishi, "silane gas decomposition by high-frequency-modulation discharge", 
discharge research No. 138, P27-36, 1992), If ON time will be 1 or less second, growth of particle will 
be controlled, and if 1 kHz or more, i.e., ON time, will be [ ON/OFF frequency ] 1 millisecond or less 
preferably, it will be thought that it originates in particle hardly occurring substantially. That is, by this 

invention method, since ON time is carried out below the 2x1 0~ 6 second, it can be guessed that particle 
is in the state where it hardly generates. 

[0076]Although detailed explanation and graphic display are omitted, they can discharge particle, they 
being able to lengthen OFF time conversely and fully being able to spend many hours on discharge of 
particle, and can also prevent the increase. That is, the substrate area S will substitute these figures for a 

lower type (8), when 200x200cm 2 and distance deltax from a discharge electrode to a substrate are 2 cm 

and the volumetric flow rate Q is a processing condition of 4xl0 5 cm 3 / second, and the discharge region 
residence time t of material gas will be 0.2 second. Therefore, by making OFF time more than into time 
longer than this time t, i.e., 0.2 second, preferably at 0.4 seconds or more, twice, particle was discharged 
from the plasma production field and it has also checked that the increase in the particle within a 
reaction vessel was controlled. 
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[0077]t**(S-deltax)/Q (8) 

When the electrode of the mesh shape reported to JP,H1 1-1 1 1622, A which is a kind of a rudder 
electrode was used, optimization of the feeding point position took time and effort, but [ although this 
example showed the case where a rudder electrode was used for an electrode, instead ] 10% of 
homogeneity was able to be obtained too. Also when parallel plate electrodes were used, time was 
further taken in trial and error of optimization of the feeding point, but 12% of homogeneity could be 
obtained and the homogeneity of there there was obtained, without using a complicated electrode like a 
rudder electrode. 

[0078] Although this example showed the case of the frequency near 60 MHz, it checked that there was 
an effect that it is the same also near 20 MHz and near 200 MHz. 

[0079](A 2nd embodiment) The device concerning a 2nd embodiment of this invention is explained, 
referring to drawing 3 . Drawing 3 is a figure showing the feeder circuit of the device IB concerning a 
2nd embodiment that added change to the high high frequency (VHF) feeder circuit of the device 1A of 
a 1st embodiment shown in drawing 1 . There is an advantage that the operating condition range is 
expandable rather than the device 1 A of a 1st embodiment of the above with the device IB of this 
embodiment by change of this feeder circuit. It is what also used this example for performing uniform 
film production by the high high frequency to the substrate of 2 m x 2-m angular size, and since the 
composition in reaction vessels other than an electrical power system etc. is the same as that of a 1st 
embodiment, explanation of the point that both are common is omitted. 

[0080]The point that the device IB of this embodiment differs from the device 1 A of a 1st embodiment 
is five points of ** of the following - **. 

[0081]** Two frequency from which the crystal oscillator built in each RF generator 5a and 5b with the 
device 1 A of a 1st embodiment of the above differs about the oscillating frequency of an RF generator 
using an uncertain thing was generated. On the other hand, in the device IB of this embodiment, the 
delta frequency is controlled by 2 wave signal generator 20 to constant value. In the former (device 1 A), 
when it is two combination which cannot choose a delta frequency arbitrarily, therefore has only 10 Hz 
of delta frequencies, for example, a standing wave will move only at 10 Hz, but plasma will turn it on 
and off the cycle, and it will give ****** to film production. There is a possibility that an oscillating 
frequency difference may not be stabilized in time, but reproducibility may become low as a result. On 
the other hand, in the latter (device IB), it can fix to the optimal delta frequency and can operate. 
[0082]** In the device 1A of a 1st embodiment, the protection circuit (not shown) of each RF generator 
5a and 5b was also independent. On the other hand, with the device IB of this embodiment, when it has 
only the one protection circuit 22, the incident power to each power supply 5a and 5b was measured by 
power meter 6aj and 6b 2 and either of the size exceeded the limit value, the output of both power 

supplies was restricted. When the incident power (sum of reflection electric power and the incident 
power from the 2nd power supply 5b) to the 1st power supply 5a has become large exceeding the 
permissible dose of the 1st power supply 5a by a certain cause, for example in the case of the former 
(device 1A), the protection circuit of the 1st power supply 5a serves to suppress the output of the 1st 
power supply 5a, but. The superfluous incidence from the 2nd power supply 5b is not suppressed at all, 
but since it is in a state as it is, when the worst, the 1st power supply 5a may receive damage. 
[0083]On the other hand, if the same phenomenon as the latter (device IB) happens, the protection 
circuit 22 works by the superfluous input to the 1st power supply 5a, and since an output is suppressed 
and the incident power to the 1st power supply 5a is stopped, the 1st power supply 5a will not damage 
the 1st and 2nd power supplies 5a and 5b. If the cause of the superfluous input from the 2nd power 
supply 5b is removed by performing adjustment of the consistency machine 7b etc. where incident 
power is stopped, the output of both the power supplies 5a and 5b can be raised again, and desired 
electric power can be supplied. 

[0084] Since the isolators 24a and 24b are inserted in the 1st and 2nd feeder circuits in this embodiment, 
respectively and fault electric power is kept from usually entering into the power supplies 5a and 5b, a 
protection circuit in particular is unnecessary. However, when it seems that reflection electric power 
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exceeds the tolerance power of the isolators 24a and 24b, and the isolators 24a and 24b have stopped 
operating, the protected operation by this protection circuit 22 is needed. ** A means to control the 
electric power (sum of reflection electric power and the incident power from the 2nd power supply 5b) 
which enters into the 1st power supply 5a in the device 1 A of a 1st embodiment was only the 
consistency machine 7a. On the other hand, with the device IB of this embodiment, it has composition 
which loses the electric power which enters into the power supplies 5a and 5b from the electrode 303 
side by inserting the isolators 24a and 24b which consist of a circulator and load. 
[0085]Even if the output of the 1st power supply 5a is thoroughly made as for the electric power 
reflected from the electrode 303 to zero with the consistency machine 7a in the former (device 1 A), 
Since the electric power which enters into the 1st power supply 5a through the electrode 303 and the 
consistency machine 7a, other the power supply 5b, i.e., 2nd power supply, differs in a phase or 
frequency, it cannot be simultaneously made into zero. Therefore, when this electric power is large (the 
electric power which escapes from the electrode 303 according to the generation state of plasma, etc.) 
The big electric power to the 1st power supply 5a which becomes large, becomes small or is changed 
enters, the state of the 1st power supply 5a is made unstable, and when the worst, the 1st power supply 
5a may break by a superfluous input. When there is no plasma load before plasma generates especially, 
it is easy to become such a situation. 

[0086]On the other hand, since the isolators 24a and 24b are inserted in the latter (device IB) feeder 
circuit, incidence to the power supplies 5a and 5b can be altogether absorbed by load, and destruction of 
the power supplies 5a and 5b by a superfluous input is prevented. 

[0087]When using the isolators 24a and 24b, the frequency bandwidth of the isolator which makes rated 
value high-frequency power of a kilowatt class like especially this example is dramatically narrow. That 
is, the frequency bandwidth in 1 kW or less of high-frequency power is about 4% of using frequency, 
and since it in about 2 kW of high-frequency power is about 1%, it needs to suppress the difference of 
the frequency of the 1st power supply 5a and the 2nd power supply 5b to these values. Since the 
oscillating frequency of the 1st power supply 5a was set as 60.2 MHz in this embodiment and the 
oscillating frequency of the 2nd power supply 5b was set as 59.8 MHz, the difference of the oscillating 
frequency of both the power supplies 5a and 5b was stored in less than 0.6 MHz equivalent to 1% of the 
frequency bandwidth in the case of 2-kW rating. 

[0088]** Although the one power meter 6a and 6b was formed in each (a total of two sets) one line in 
the device 1 A of a 1st embodiment, two power meter 6a 1? 6a 2 , 6b 1? and 6b 2 were provided in each one 

line with the device IB of this embodiment to this (a total of four sets). Since the isolators 24a and 24b 
were inserted in the feeder circuit, no matter it may usually be in what matching states, the reflection 
electric power in incident power, i.e., power meter 6a lt0 power suppliesa [ 5 ] an d 5b md 6a 2 is zera Then ' 
it is because it is necessary to install power meter 6a 2 and 6b 2 in the consistency machine side, and to 

also measure the return electric power from the consistency machines 7a and 7b rather than the isolators 
24a and 24b in order to optimize matching states. 

[0089]** In the device 1A of a 1st embodiment, in order to branch the coaxial cables 8a and 8b by the 
electrode side from the consistency machines 7a and 7b, used the T junction plug, but. On the other 
hand, in the device IB of this embodiment, even if unequal ** of plasma load, a temporal change, etc. 
occurred, the distributors 26a and 26b were used so that stable power allocation might be performed. 
[0090]The input control power of a total of 4 kW was inputted, and the high speed on for example, 
micro crystallite film production and of 1.5nm/second in film production speed was obtained by the 
above improvement. Thickness uniformity was **10%. This has cleared the thickness uniformity 
needed with the Si-thin-film semiconductor for solar cells. 

[0091](A 3rd embodiment) The device concerning a 3rd embodiment of this invention is explained, 
referring to drawing 4 . Drawing 4 is a figure showing the feeder circuit of the device 1C concerning a 
3rd embodiment that added change to the high high frequency (VHF) feeder circuit of the device IB of a 
2nd embodiment shown in drawing 3 . 
[0092]The device 1C is provided with the following. 
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The independent two power supplies 5a and 5b. 
Oscillator 20. 

Phase detectors 30a and 30b. 

The phase shift machine 33 and the function generator 34. 

The two power supplies 5a and 5b supply electric power to the electrode 303 independently in high high 
frequency (VHF) power with a same frequency of 60 MHz, respectively. The phase shift machine 33 is 
inserted between the oscillator 20 and the 2nd power supply 5b, and the phase of the high frequency to 
which electric power is supplied from the 2nd power supply 5b is shifted. The high frequency to which 
electric power is supplied by the electrode 303 from the 2nd power supply 5b by this stops 
synchronizing with the high frequency to which electric power is supplied by the electrode 303 from the 
1st power supply 5 a, and the electric supply power from both the power supplies 5 a and 5b is shifted. 
The function generator 34 is for sending arbitrary waveform signals to the phase shift machine 33, and 
controlling the temporal change of phase contrast. 

[0093]If high high frequency (VHF) with a frequency of 60 MHz is oscillated from the oscillator 20, 
After one of them is amplified with the 1st power supply 5a as it is, and it sends it to the primacy phase 
detector 30a via power meter 6a 1? isolator 24a, and power meter 6a 2 and the consistency machine 7a and 

it performs phase detection with the phase detector 30a, it is supplied to the electrode 303 via the 
distributor 26a. 

[0094] A phase is shifted to one line of everything but oscillation quantity high frequency (VHF) with 
the phase shift machine 33, The rest is similarly sent to the 2nd phase detector 30b via 2nd power supply 
5b and power meter 6b 1? isolator 24b, and power meter 6b 2 and the consistency machine 7b, and after it 

performs phase detection with the phase detector 30b, it is supplied to the electrode 303 via the 
distributor 26b. In this case, the function generator 34 controls so that the phase contrast of the system a 
and the system b changes in time with the phase shift machine 33. That is, the temporal change of phase 
contrast inputted into the phase shift machine 33 the arbitrary waveform signal generated with the 
function generator 34, and controlled it. Phase contrast detected the phase of each systems a and b with 
the phase detectors 26a and 26b just before each distributors 30a and 30b, sent the detection phasing 
signal to the phase shift machine 33, and carried out feeding hack control. 

[0095]By changing phase contrast in time to a standing wave happening and plasma becoming uneven, 
if it fixes to fixed phase contrast and operates in this embodiment, A standing wave can be moved and a 
uniform plasma generation and film production thickness distribution can be acquired with the time 
average within film production time. And when the isolators 24a and 24b and the protection circuit 22 
which are used by a 3rd embodiment operate the power supplies 5a and 5b like the case of the device IB 
of a 2nd embodiment of the above, they contribute to stabilization of the power supplies 5a and 5b. 
[0096]Under the present circumstances, when phase contrast is modulated not much at high speed, the 
frequency band of high frequency spreads, the frequency bandwidth of the isolators 24a and 24b is 
exceeded, and there is possibility of the isolators 24a and 24b being damaged. Then, the spectrum 
analyzer (not shown) was connected to the phase detection parts 30a and 30b, and the modulation rate 
was determined in the range which becomes less than 1% of the frequency which is rating about 
bandwidth. 

[0097]In this example, when the frequency of the phase control signal from the function generator 34 
was modulated as 10 kHz, bandwidth did not exceed 1%. 

[0098](A 4th embodiment) The device concerning a 4th embodiment of this invention is explained, 
referring to drawing 5 . Drawing 5 is a figure showing the feeder circuit of the device ID concerning a 
4th embodiment that added change to the high high frequency (VHF) feeder circuit of the device 1 A 
shown in drawing 1 . 

[0099]The device ID is provided with the following. 
The independent two power supplies 5a and 5b. 
The two independent power meters 6a and 6b. 
Mixer 40. 
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The consistency machine 7 and the distributor 26. 

According to a 4th embodiment, the high high frequency (VHF) electric power of frequency which is 
different first, respectively from two sets of independent RF generators 5a and 5b is outputted. This 
high-frequency power was mixed by the mixer 40, and the rudder electrode 303 was supplied via the 
consistency machine 7 and the distributor 26. 

[0100]This embodiment could acquire less than **10% of thickness uniformity, and was able to attain 
the desired end in the simple feeder circuit. Incidentally, by this embodiment, time was taken in trial and 
error of optimization of feeding point arrangement, and the rating of the mixer 40 restricted the 
maximum of electric power to 2 kW. 

[0101](A 5th embodiment) The device concerning a 5th embodiment of this invention is explained, 

referring to drawing 6 . Drawing 6 is a figure showing the feeder circuit of the device IE concerning a 

5th embodiment that added change to the high high frequency (VHF) feeder circuit of the device 1 A of a 

1st embodiment shown in drawing 1 . 

[0102]The device IE is provided with the following. 

AM oscillator 50. 

RF generator 5. 

Power meter 6. 

The consistency machine 7 and the distributor 26. 

It was considered as with the carrier frequency of 60 MHz, and a modulation frequency of 30 MHz AM 
high frequency by amplifying and obtaining the high frequency of RF generator 5 with the AM 
oscillator 50.1n this, electric power was supplied to the rudder electrode 303 via the power meter 6, the 
consistency machine 7, and the distributor 26. 

[01 03] According to this embodiment, **15% of comparatively uniform thickness distribution was able 
to be acquired in the simple circuit. 

[0104](A 6th embodiment) S. Samukawa, "Role of Negative Ionsin High-Performance Etching 
UsingPulse-Time-Modulated Plasma", Extended As it is in Abstract of 4 th International Conference on 
Reactive Plasmas, SR 1.04, pp.415, and 1998., When generating plasma using the gas of a halogen 

system, for example, the gas of a chlorine system, generating a chlorine anion (CI ' ) and using for 
etching of a semiconductor, conventionally, By turning on and off the electric power generated from an 
RF generator, improvement in the speed of etching and quality improvement are attained using the effect 
that being generated by the chlorine anion in large quantities by the electron attachment effect when it 
generates, plasma's is extinguished and plasma's is extinguished, and the wall charge produced in a 
substrate face disappear. In this example, it is aiming to produce this effect by moving a standing wave. 
The difference of two different frequency shall be 4 kHz using the device IB of a 2nd embodiment 
shown in drawing 3 . plasma was generated using the gas of a halogen system, for example, the gas of a 

chlorine system, the chlorine anion (CI * ) was generated, and the semiconductor was etched. At this 
time, in the portion of the film of a standing wave, since plasma will be in the state of ON, and the state 
of OFF of plasma in the portion of a paragraph, by moving a standing wave at high speed, it is efficient 
and can etch by generating a chlorine anion in large quantities and simply at high speed. 
[0105]The speed to which a standing wave is moved, i.e., the change cycle of a phase, was longer than 
about 100 microseconds of generating time of the chlorine anion shown in said reference paper, and it 
was made into about 250 microseconds so that it might become 4 or less times more than twice. At this 
time, the time of the plasma OFF will be about 125 microseconds, and sufficient anion generating is 
obtained. This is realizable by the difference of frequency being 4 kHz. 

[0106]While plasma density becomes high compared with 13.56 MHz used with a conventional method 
by using 60 MHz for the frequency of high frequency, when plasma sheath thickness becomes thin, A 
lot of chlorine anions by which it is generated in plasma flow into a substrates face efficiently, and the 
effect that an etch rate becomes still quicker is acquired. As for these results, an about 4 times [ at the 
time of using the conventional 13.56 MHz single frequency ] etch rate was obtained. This embodiment 
is applicable also to surface treatment methods, such as washing by the plasma of the reaction vessel 
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used for film production of a silicon thin film etc., and what is called self-cleaning. 

[0107](A 7th embodiment) The device concerning a 7th embodiment of this invention is explained, 

referring to drawin g 7. Drawing 7 is a figure showing the feeder circuit of the device IF concerning a 

7th embodiment that added change to the feeding point and high frequency frequency of the device 1A 

which were shown in drawing 1 . 

[0108]The device IF is provided with the following. 

The 1st power supply 5a that supplies high frequency with a frequency of 60.00 MHz. 
The 2nd power supply 5b that supplies high frequency with a frequency of 13.56 MHz. 
Two feeding point 9b 2 attached to the ground electrode 3, 9b 2 . 

[0109]The high-density nature by 60-MHz high high frequency when this embodiment was applied to 
etching of the silicone film by halogen system gas NF 3 , The high-speed etch rate (about 10nm/(second)) 

was uniformly obtained by the large area of 1 m x 1 m according to the board bias effect by 13.56 MHz, 
and the depressor effect of the standing wave according to the difference of both frequency further. 
[01 10]This embodiment is applicable also to surface treatment methods, such as washing by the plasma 
of the reaction vessel used for film production of a silicon thin film etc., and what is called self-cleaning. 

[01 1 1] Although the embodiment of the above 1-7 mainly explained the example of a four-point feed 
system, this invention can be applied to other multipoint feed systems, such as a two-point feed system, 
a six-point feed system, an eight-point feed system, a ten-point feed system, and a 12-point feed system, 
without being restricted only to this. 
[0112] 

[Effect of the Invention] According to this invention, uniform processing can be performed to very big 
substrate and surface which use high high frequency (VHF) for film production, an etching process, etc. 
of a large area, and also exceed 1 m x 1 m. In spite of being high high frequency in plasma-CVD film 
production etc., the high frequency plasma production method, semiconductor manufacturing method, 
and surface treatment method which can equalize cotton RIPURAZUMA density broadly are provided. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The configuration block figure showing the RF generator circuit and reaction vessel of a 
device which were used for the power feeding method to the discharge electrode concerning a 1st 
embodiment of this invention. 

[Drawin g 2] The ultimate-lines figure showing the result of having measured the homogeneity of the 
plasma emission intensity distribution aiming at processing of 2 m x the 2-m size board which were 
obtained by 1st embodiment. 

[Drawing 3] The configuration block figure showing the RF generator circuit of the device used for the 
power feeding method to the discharge electrode concerning a 2nd embodiment of this invention. 
[Drawing 4] The configuration block figure showing the RF generator circuit of the device used for the 
power feeding method to the discharge electrode concerning a 3rd embodiment of this invention. 
[Drawing 5] The configuration block figure showing the RF generator circuit of the device used for the 
power feeding method to the discharge electrode concerning a 4th embodiment of this invention. 
[Drawing 6] The configuration block figure showing the RF generator circuit of the device used for the 
power feeding method to the discharge electrode concerning a 5th embodiment of this invention. 
[Drawing 7] The configuration block figure showing the RF generator circuit of the device used for the 
power feeding method to the discharge electrode concerning a 7th embodiment of this invention. 
[Drawing 8]The section block diagram showing the PCVD device of the method which supplies electric 
power to one point of the center of the back side of the conventional parallel plate electrodes. 
[Drawing 9] The section block diagram showing the PCVD device of the method which supplies electric 
power to four points of the conventional rudder electrode. 

[Drawing 10] The figure which looked at the conventional device of drawing 9 from another direction. 
[Drawing 1 l] The ultimate-lines figure showing distribution of voltage when electric power is supplied 
to one point of an electrode at 100 MHz, and ion saturation current distribution, respectively. 
[Drawing 12] The ultimate-lines figure showing distribution of voltage when four points supply electric 
power to a rudder electrode at 60 MHz and 100 MHz. 

[Drawing 13] The ultimate-lines figure showing distribution of voltage when the termination of the end 

of parallel plate electrodes is carried out by a reactance at 100 MHz. 

[Description of Notations] 

1A, IB, 1C, ID, IE, IF ~ Plasma CVD device 

2 ~ Reaction vessel, 

3 - Ground electrode (substrate heater), 
5a, 5b — RF generator, 

6a, 6a p 6a 2 , 6b, 6b v 6b 2 — Power meter, 

7a, 7b — Consistency machine, 

8a, 8b - Coaxial cable 

9, 9a, 9b 1? 9b 2 - Feeding point, 



http://ww4.ipdl.inpit.goj^^^ 4/1/2010 



JP,2001-274099,A [DESCRIPTION OF DRAWINGS] 



Page 2 of 2 



16 — Substrate, 

17 — Gas supply line 

18 — Exhaust pipe, 
20 - Transmitter, 

22 - Protection circuit, 
24a, 24b - Isolator, 
26, 26a, 26b - Distributor, 
30a, 30b - Phase detector, 

33 - Phase shift machine, 

34 — Function generator, 
40 — Mixer, 

50 — AM oscillator, 

100 — Parallel-plate-electrodes type plasma CVD device, 
1 10 - Rudder electrode type plasma CVD device, 

303 Rudder electrode, 

304 - Lengthwise direction pole bolt, 

305 - Transverse direction pole bolt. 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 9] 
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jftKSiffit 4 - b X'Km& 1 rt^ffi^J b lit 1 
OOmTo r rtHSUftS. EMSW^S^L^ £K 
1 6 byy-W&3 0 3«CT9X-?$r^4$^4o 
«Jf^7J^^<X5Xv3 1 9«£»KffittS;fl 
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3 1 9*T1±S i H 4 ##PU ffigl 6£a-S i$| 

ozbizx <o&n%m zcoa - s i mwrnztiz . 

[0008] *flU^M«H8<0»^i:JtRtT, 

w&comzmmns i h 4 &£8£fi6 <?>x\ m 

i±, &*£*ISO 1 ffiBrfcfr a <0T«=5r < , US ( £ Cl 
[00 09] 

fin* ml is it/. i&x?mm. mm^m^t'com 
-8ooMHz) j&ifc*. mmmmnm 

mit b ft* Zbtf.lzbl HXKMat. 

Res. Soc. Symp. Proc. Vol. 424, pp.9, 1997tfE5 
flT^S. k<(C. a-S itftS*fU^llSi:l/C& 

mfflmm ix^zzb xzx^i, 
[ooio] fc;^, zoitmmmzx&wmi. %> 

mmcommmm^ xb mmm-y-x*foh z. t 

ssw)$6±. San y*? * vxoytmzx &w±m 

^co&W. TyX-?b b ey&EFFW* b'X'T y X 

-So 

[0011] CD¥4f¥««S*fflv^«^«ft^!fc L 

xmm^immz&ux s vspm xm o c mx 

3 0cm£j$;i, ifett, JIM#'3 0MHz£j$;il> 

m-jm%mmm»&>-&± 1 o 

[0012]@lll±, 1 0 0MHzT'O5S£$£J:l> 

WE4H&*)i0fc*s. Hi llzim&flzjj-y&ftJZ 

ttmzmmK, inwtMwt, -mz?y 
x~?mcrmnb ixm^>nz. mmmzzzbrn 
mjiizjg&m^ tx& *) , w^je lt4 ^-yiasi 
*atfHW-$r;b %77 x-e^^w- iiztc-ox^hz 

[0013]-^ ©5^-«S£ffl^fcS£tf)ft£0i 

£ f: fcjn* , 1 j&te*TU;»IIFfc:£ t T Ltd 

is 4&(,z&m-t&Z\bl,z£r>i&Mlt2Z\bZmmb~f 



StOTtS. Lrt>L&#'^ icO^-Cts tSt4" 
X^3 0cmJix< 4fcJi. JSS0R#8OMHz£jH 

[00 14] HI 2fc6 0MHztJitXl OOMHzt 
4^«Lfck#^5^-«^fc£t£«ffi#ft£^ 
t« 6 0MHzTliJt«M-^«E^^^LT^I> 
*\ 1 OOMHzTli^^-^-jTLiorv^. 4 

fc, 4m%mfittmi. tm®mizm&m%o 
wgot l * o b ^ a ran*** 2 . 

[0015] VXhtoi. 3$rl8BIli¥£rCi&I3*u - 
il£X*l,ZMz.tt%ffi)kt. Res. Soc. Symp. Proc. Vol. 3 
77, pp.27, 1995£IE$*l , O^J:5fc. ffffl* 

frt><r)m%&*$tt izbx\ femmwytpx-ft 

£ o izi-imx'hitiib. #j-mimt> 
mm-\mwMmzT^x% s . m 1 3 1 1 0 0 m 

HzT'W^^-ffi^nxcO^^UT^^yx (n>f 
>V) XTmLlzbZnVBtfmtTFt. ZcoXoiz, m 
W&frh 3 0c mgftt#&-r»S# t . -eill^LhJi^ 

[0016] JjJLhcoi a S»&i^t77X7 
Ifi^ttiV^T , fi^Sfe-Ctts 1 m X 1 m ZMt h X 

o&mzizz&ffiimbix. jmm>%}-%y 

[0017]^, *^c7)«S«k LT . 2oc0^ 

^ftO, ^ki.ii\ M. Noisan, J. Pelletier, ed., "M 
icrowave Excited Plasmas", Technology, 4, second i 
mpression, pp.401, Elsevier Science B.V. 1999t^P 

mztix^z. 

[0018] zcoimcosmt. immm%i 
ZT3X-?£j&<7)K)t)iz, m^mmmmm^ms. 

X'h 0 . *%m<V lmXlmJiiSio tcftmz±% 

zmmw^bix. »w-^77X7£ia 
t. %}-®mimmbtt£<mhi><?)X'h2>. 
[0019] *wm±Mmmmm-tz>tzMz%zti 
ib^nx-h^x. mmmm (vhf) zmwt&Tyx 
7cvDi:fc^t, jzzzmmznmbLx. jzwrnx- 
%-^77X7^«§t, fy-umzfto ztifi?* 
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[0020] 

[0021] mmmxnryx^m&m^-%>m 
jyy7?yxcoi£mz£&m]±fti5^co§m. 7?x 

iMmizmitzXd^ mm±^^.mm.twc-h 



zii^ticomm&nfonmn&mnxz % &*o, *ti* 
ti<ommtfix{m%.mtfmL<. a*o, 

St#*3 < £«t & I. fc wi S^^JS^ ti& s 
J^^i^fi-FiiT:* ( 1 ) JUM 2 > 

[0023] </>! = cos (cojt-kjz) ( 1 ) 

<£ 2 = c o s ( oo 2 1 + k 2 z ) (2) 

k(±« ( rad/m) . t(2B#fg (s) , zte&g 
(m) ?g)l. 

[00 24] jftRkli, ffiffiiftKv (m/s ) iJjtffc 
[0025] ki-Oi/vi, k 2 = a> 2 /v 2 (3) 

(4) xmztiz* 

[0026] 



[00 22] OTfc, *>35pO J H-<'TS!tft«#'fbbT 

<^ = < 5f> 1 + <j!>2 = cos (<«! t-kj z ) + cos ( co 2 1 + k 2 z ) = 2co 
s ( co ave t -k mod z ) c o s (co mod t -k ave z ) ( 4 ) 



k ave = k 1 +k 2 /2, k aiod = k 1 -k 2 /2 

-commt^mmmmts^ 2nzmiLx$&itzw> 

<£ = 2 C O S (dOit) COS ( 

±5S (5) 3&>^ ftffimioi^vVT&cos (a), 

t ) fc, WCOS (-00,/V! ■ z) 7^&&5££ 



-A. 
PI 



1> L< (i. m-W^Hl5*^^^T«^Ji| 
S-tS. £ft*£\ *ff#fti*U:T5$ ( 5 ) TUSft 

a. 

[0027] 

(Mj/Vi • z ) ( 5 ) 

[0 0 283 -*, m%9k<7)itoa>i*<»t<7)*teMi* 
T5t ( 6 ) "t«E^*3&<«ft6*lft. 
[0029] 



c£ = 2cos (co ave t -k mod z ) cos ( co mod t -k a „ e z ) 



(6) 



co ave c7)df-v U7$c o s 



±* (6) jK>, 
(co ave t-k mod z) i:, HRttte rf-hj tL<(i 
r d^r»9 j fcoftfii4ftffltaS:fi). od ^)3Eiiacos 
(<y aod t-k ave z) ^M^{iSr B TO;^» 

[0030] *%m$z<nfflmz£rl% . 2oifcta* 
M;U:aSfcSffi«R^Sffi»***fcffi^S £ t lz 

^^tL^at-t. mmxco^mco^mi. 
fy~%Tyxv&£v^-%m&mmt~rz>imnm 

[ o o 3 1 ] sa^gai, 2oife{jfnja 

m&>mzw&thi><nx'hz>. 

[0032] ttz. *f6HJJft3EH:, T?X-?%£<Dffl 



[ 0 0 3 3 ] #&HJ|ftS(S0te, 7yX~?%!kc7)m 

mmmm^^mz^mtcmmb-ti zt^zx'o. 

A'-r-f^/K^m H«ftl*J±. BKE^fli^%-^-r 

[0034] zmmzt izwmmwti . 
[0035] ifnsigja^^-fsif^JB i tfofiffflSK* 

ft. »wkHz^ftffl«g»ftiiv^*sft3&*tii-rft 
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[0036] it*3B2ii, &mmmmmmcoffi%m.cr>£ 
<ix. fttammtf9m%Mmsifrt>* 
§ < ?nx it ot. mm** vj->y<mmK mm 

1. 

[0037] ngjg3& £«m$.ttzimx'&. m 

Okth z t z mt Ltzh<nx*hh. 

[0038] mxmiz. m%KM*m^x%&mzw 

htmtfhhiiK i^nmmtfrbLx-sMxm^n 
m&n%m&*m^znwj;m.{z®m.-th z t mm 

b Ltli><DX'&& . 

[0039] m#jjf sti, Mmmm^x&mm 
m-th izhtz 9 . %ffltMtzm<ovMfrt>mmk.&£v 

bm±-tzzbzmbi. mnmbmmmnmcD 
<mth £ b mmbi-i 

[0040] mn%6it. mzm5izi3^x. mmiz® 

W) 1 k mxnz& v 4 xmmx'fo 0 , 2 
\s.vmmzi5\\x i%mtx-b&zbfrt>. zcommft 

b*®&bthi><7)X-b&. 

[004 1] f|£E7{±, «S««£ffllvtl££«£fll 

izhtz <o . mmmizn<vimfrt>mmtk&£v 
b m±r h zbzmbi. &i$mwmizmm& 

mmmmmmz&m-fz> z b imnt-ti t nx-bm 
%m8i±m%xmzm^xfewizmi't& fc** 9 , 

izx*). m & m& b it^xmuz 
isZ7-j*zmmt&zbt:mbix. mmmm. 
m^<vmffl$mii£mmm$*vizj;'r)tg£L^ mm 
mmz®wt& ; b wmt -t& i>cr>x°$>i. 
[oo42] mmw, %mzmt&mb ix 
2^<nmm&m^i><numm®b\,x . 
^nswm^sm^zmt^h. -tzb^ am^ 
h-t* zbizx *) „ %mtSMmwz& t *«ebm&£ 
mt^t z. b mmb-ti tww, 



[0 04 3] !*#JS1 0Jilt*«l~9W^^l]i 

tiett«o*&«^fc:*i ^ ^x . mum* > fc r^xr»o 

N/OFF*«93B-r»fcs5f->rt*v\ MftWSrir 
^H^iSafcTftSfflJtB. ifcli. AM^fTO&ffccMfc 

[0 044] ff^JIl Ui|»^«l~9W^-ffL*>13S 

iztmoyfeWimizti \^x. mmtm^bry x-?#o 
N/oFFtm&r&b%r>xL±\,\ mmm^b 
mmzwm*mi-t<nx\ z.nm<iz*>. mm 
izoNnw&zmii&tiMz<m%$&b ix. mm. 
memix'hhmm. ttdt. AMgmmmtnm 

t tTftftWC T5t ( 7 ) t>tll S i H 3 ^g 

tt^co^r : 

r=(Ax)V(2D) -(7) 

££t3. DJ4SKK«BKtD = 2. 5X10 3 (cm 

2 s-i) . Aximm^gutxwmm (cm) 

(ir*5lIE^9^;^#^l . lxio- 4 ^. i:*> 
[0045] H*«l 2(i. mtmi^9Wftlfrl 

mzimn&miimtets^x . ryx^^m.^ 

¥tmzm.Lm>tm. tzb zM^+yrKb*^ 
mmnmb ix, hztjm*m< ixtmizr? 

tt»§tt4HFfc t < li-f f f 

ISSttM^ fc L < fcKSttiHF-fc L < tt^f 

a Mmmmk^mx-b mm*, mmmmmx^ 
< ii2f&ja±4^T fc-rsc: b zmkbtz mx-b 

[0046] 11*111 3»i. ll*«l~9<oa^Mfl3&» 

1 iett^«*^fc*3 v ~>x , ffl«»«oiiwiS98rrft 4«i 

[0047] 11*311 4«, §1*311-9^0 *>M^ 
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(8) irbtmzti&iffltfz<wwAmt&mtx 

[0048] t= (S-Ax)/Q - (8) 

fc**U S\iWmm (cm>) 
A xttft««S3&^ffiR*'C'<0E(t (cm) 
Q(i*«5» (cm3/^) 

mm 1 5 (i. m^if i - 1 4 *>vvtfru&» i «tcs«^ 

[0049] 11*351 6ii. |f^JMl~14cOV^^ 

[0050] m&i 7(2. mmi-i 6*>wf*ij&> 

c?H yf y cOAMz. */Hr- ZW&t I fz ttXV&m Mti 

•tiumt. mteiimw>9£?)*ti?tuz. 2d 
[0051] mm 1 8tt. wise® i ~ 1 7 nwrtifr 

[00 52] ff#If 1 9(2. |ft$£ 1 8 KiE»<075X 
•efgfcfrffifc J: o T . ^tt^ili L < lix 7fy/ 

-r b mmbt&^mfowmmt 

[00 53] ||*«2 0li. H!*Jgl~l 7 

iot r 9 * siawtj x vmtmtz&wiz 

[00 54] lt^«2 1 (2. ft ^ 1 8 \zWmX7X 

vmLumiz 1 1 < fix -y ^ y ^ , 

[00 5 5] ff*Il2 2(i, H^JSl-2 DSOWfft 
*>ffl«R#l 0~8 0 0MHz*)«fflfc*4 

tz\mmmmmx%&* 

[00 56] 

[^coimt^®] JUT, mnmzmixm 
[0057] (mi (vmmmm) m i saaBi/Sra^ 

HB1A12. ±tt«fiJBS i¥3HtifK£ 



^Km-^2^zmmMmbLx^y~mm3 

0 3i$£rfT-xwBk3*m£x^h. Km®$s2im 

<t>ti. tfxmm? i mi. vmm 1 8 « 
fc**i<«iiini/o*4. i 7(211^ 
tfxmmizgMi, ztim^xmmmxmm 
mmizmxzti&xoizz^x^i. mmisu 

L^rv ^QtfyycoUBBmizgM LT ^ l> . 
fcUt^KyrfcrJ: 0KJCS»2Wi*lfflil x 1 0" 6 To 
r r *IJ££ S I S i d fc&oT ^ 

[00 58] 7-XVM3 b 7?-nm3 03b 
C0IBIBI (Mllf2 0mm<mm) £ i -?T*fffiie«£ii 

1 6£#JH-4fctf>tf>lIli (H^W S8U 
6 £}ne*-f t-? (13^-tH*) ZftMLX^ 
I. 7-XW&3&. W(!m&R16tf2. 0mX2. 
§m?tfrAXXfoh%-&\t2. lmX2. lmftt^X 

tt, imztix^z. tfxwmi imxvk 
%&lu\±. 7y-m&3 0 3£*)i>®ijizxmnix 
^zzbtfutK. mmoffimfrbtfx&mizm 

[0059] ?y-nm3 o 3(2. ^mzmfrmfi 
fowmm 0 4 b-n<rmn\mmm 0 5 1 zm-w 
i / zm?>-$.xx%&i>cDXfc } 9 . 7-xnm3i,z£>o&ft 
ztizmLiekimizMwgaiztix^i. 

[0060] 5^-«S3 0 3t(i4O^«jS9a, 
9 a(2-^c7)1i^r[t]«ffi#3 0 5 tlfttt^il. 2-9C0|g 

2 9 b , imij<7)mif\^nmn 305 ttatt^ 
305 taar=»)H- s ^^cmmtiu^ 

[006 1 ] 2 1 c7)^«^( 9 a tZii^HS-T^ [SJW 

n i mmmmm 5 a **;^j«fc««§*iT v^s . m 1 
(vhf) i^mthismmmmmixis'o. 2 

mm 1 9a^U5 r-lffi 3 03 t^Slife 

ic6o. oMHzoaaf^a (vhf) 

|5ltt^-7';U8a(2, T4HRT9^*fflv^4HSLfe. 
[0062] -^f. m 2 C0*&«^ 9 b ! ^(2^«^T § (SI 
tt^-^;P8b^tTS^«7b, >V7-*~9$ 
b , SS 2 cOSM«««i 5b^'<r fiOJf t jSSR§ ilT V i£ . 
»2^)ifif^iW»5b(i s »lB^«t»5a^«li 
UTfeOs Ja«dR6 0. 3MHz«IftM (VHF) 

9 b , £ ^ LT 9 3 0 3 t^SSaS 6 0 . 

3MHzo«i«wft (vhf) nv-mm^Kh&o 
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[00 633 £^.fc5Ktfl&rt-<&l&tt£9a, 9 b x 

ftLxKwzmzimmcoimmm (vhf) 

-Sffi 3 0 3 £C . 2 ^COSffiUS ( V H 

f ) mvmmkcom (^mmx-ito . 3 mh z > #s 

[0064] #H*WTii. 7 ^-«tt 303 <9*tl*rt 

<o^d * t -r h imm<miz&m& 9a, 9^ 
isa-r s £ k t: i o t , «e^ri«i«fiff 304 *>**i<? 

fite 1 &7tW&mJBW'£ t § X 0 fc Uz. ZtitzX 

mmti^mmmx^m^^ t^o 

ti. aa«w 304 tnmxftcor ? x 

W&30 4fflsiaco7'7Xv^c^ (Wr^T^x 

) t £ k **T# . 

[ 0 0 6 5 3 . »#oa*i*i<or5Xv4iS^t: 

^>t±T#4js (its^i) . ±t#8^ mm 6 

#**>%Hfc*BI« Z k #TS S . 
[ 0 0 6 6 3 4fc. *SIJfi«Tii 2^««ii 5a, 5b 

<r)*Z-tt£m& £ k #T£ 4 . . 4 -oWRfr $> 

4^n&m&n&«izm%&®mtmmm (vh 

X^fi!c^c7)^-tt^|t]±$^|, £ k **»rffiT* 5 . 
[00 673 «ttt5^-«ffi±«0fi[M (ffiK 

ffi) £k9, JHUfc^mK <ffiB«) £koT, 

ccd^5cj: oast^s*&*-r#tt^HT$> 

h . 0+fc"C£«*>lM XcDftflT3#mffivMi#"TT 

i Aim^zmm^ryx^^xit 2 m x 2 m# 
k v^a *HB«iSHT. ^wfcfer? 
x^tf&^Hi ± 7 % ( s& ffi 1 2 7 /it/JMi 1 1 

1 ) £igj£T£ 4 <r k jWOI Lfc. 
[00 683 dftli. ffifflft«mkiSfflft«K2affl 
ftifcHO. 3MHzt^*>300kHzCJ:S Tf- 
h j l/Zi: *) „ «*±te)££*#:fcfc:5:^ J; 5 irf 4 £ k 
tfXZtt#>b%tt>ti&. iKIi, 5S£ft£l^ 
13 3 0 7Jft£4h ffiSTSHlStf* <! k #'T§ fc k «3R 
irh £ k t T§ I. . "f , #»teffiv*HSITJi5 k 

^mmmLtx^htiK z.iummxim ix^z 
tiwz , fmv-mx-M.h k t %~>x v>£ 1 # 



[ 0 0 6 9 3 -2k £^/§ift$cM#'*#U5klt£ft£ 
#i&$tf4&£(;m<&&(2tT£>4#\ i«i«j§lft7C# 

mmm&^mmmzm tzMzm^mmmmm 
m*t> 2 0 %w±m%hmim:m\^ «r k l < 

^»**«IB-f SfeAfcJi. Jil^m^lIJi 1 xtmx-foh 

ztm^zmLw *mmx\±mm<?>m& 0 . 

Wi^< s 36*o«W^ifiEM«[<OAItt> 1 0 OWmgcD 

[ 0 0 7 0 3 a - S i SH^« h b hS i SUK^m 

T^JiTtfo^. 

[ 0 0 7 1 3 t-T . mxM2 0 0°CO££L£*lf t- 
^3±HSi jf)i^SSJl-ri» 2 m X 2 m^tf-f X<7)Wfc 
1 6*ttHL>t. ^Xftl^Sl 7*>^S i H 4 ^fX^ 
k itfSISi 2 0 0 0 s c c mt»AL, S 6 tfittiftS 
S i H 4 #X£jD;tT*£#A££ 
k*8f50000scc mgltSUfc. 3tSSf»«t* 

k TRJCSNS 1 tW&h*mm2 OOmTorrCI 

muz. 

[00723 ffifiliW**^*S<7-5Xvtfi»&$<i 
SELOO, »lSffiI«WiB5a36>6{ifflaaR6 0: 0M 

Hz^SSif* (vhf) ***fl»M-Skkfcfc:. H 

& (VHF) «?j£«il£U MmiS5a, 5bi>iiW 
7-££ft-f £ kMt(f 3 0 0 0 Wk&& J: otSifiS^ 
ft (VHF) mmmi. SMI 6k7^'-«fiB30 
3kW|BIfc:7'5X > 7*4l$S-fr>t. 7°7Xv^T(iS i 
H 4 mm L . SM^ffl^ a - S i jR*ttftf| S i 

mmztitz .mtaio fttmm ; ««»t«m^« $ 
mtcftmmtitih uz . sir»su^ t tim 

mSmmzti^X 1 • 0 nm/»kV^WtW»^ 
%-tt«± 1 OXTft 0 . iitfflS i »Jimi*T 

[ 0 0 7 3 3 $ T# tzmnmftZMfe LtzbZ 

x\ *<m. mm. mom. xsmmmm 

C 5 c m X 5 c mM&C0'bir>7°)lXm t 6 0 MH z 

$m^xmmitzM&mb^%$>%frit:. 
[00743 z.tnt. %?m<D&m%m>iz x^x±i 

ly'yX-7C0ON/OFFti\ ?%b*>. M 

m&&3 0 0KHzT*5£kA»6, W&£3 077 
®x 2 HON /OF Fiim y )MZtlltztb. -HIOOF 
FB#p H 1(S2 x l O^OTk'SrO . S i H^mfiTO 
iWmto ( (r = (2 (cm) ) V (2X2. 5xi 
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0 3 (cm'/f) ) =8X10" 4 #) £*0i>+Mzm. 
< , 2>>o, *SM^^^^co?IM*^ 1 • 1 x 1 O" 4 

ON/0 f f s i a 

[0 0 7 5] £tz. ^mmmx^iltzWizh a-oo 

^No.138. P27-36. 1992) fciS83*lTV^ J: a fc, O 

N^ia^ i mxriz%&b>*-T < ^/^m^wi? 

*U »iL<«ON/OFF^«9fc^lkHzJJJLh^ 

fc*>o ni^ibi* 5 i s y iwaTfcfci tmnrnziik^t' 

j 7 fVtf^L^ZblzimLX^hhtnk^ 
^.^iiS. T&;b*>. *^^T'(iO N^TSI^r 2 x 1 

[ 0 0 7 6 ] =5rt5. Ptl«fcH^(i^B&-ri,^\ a» 
KOF FB#ra&^< LT^-T* ^l^ajt+ttfcB* 

Z.bi>X-*&. -t%h*>* iWSi«200X200 
cm*. Jfe««S*»^aHR4"C<7)ffillAx3&*2cm, ft 

«aaiQ* s 4 x i o 5 c m 3/#^Mfi^o^fc. z 

*i6tf>»«teT5$ (8) tftALT)EfW^IS^fI$ 
TOSBIt&O. 2#fc*S. iot, OFFB#p B 1Sr|g 
B^rat i "f =5r^%0 . 2*M2LhK, #£ L 

<J22fgO0. 4 »J2U:fcrf* ZblzX^X. y?x~? 

§umm>t>'*-T< tomtit. Rj®m&?rc<w 

[0077] t= (S • Ax) /Q - (8) 

„ *mmxitw&t,z y y-nmz mi 

1-1 1 1 6 2 2^»tC«#$fLTV^«B«^«« 

*, yy-m&coiiozimzKmzm^zzzzz 

[ 0 0 7 8 ] 4 , 6 0MHz fti£OJ3& 

Rtftffr&^Lfctf*. 2 0MHz#iS*5»2 0 0MHzft 

[0079] ( m 2 commmm ) 0 3 lst# <<> 

H3(4. H 1 fcjj* LfcH 1 ggjegffiDgX 1 AOffiflfJS 

$ (vhf) ti&mM&mti&2<?miwto£ 
i^muiB^mm^tmx'ht. zco&nm 

momm 1 a j; 0 %>w&m-mm*%kk-th ; t #-e# 



[0080] 1 Btfm 1 na^ason 

[0081] ®nfflmmu<o%Mm$iwiz^x , ±ia 

•C*mt^JB^I{tlBT1i, 2»m^3fe£3S2 0£J: 
(£1X1 A) Tli, JS«3»M^ff«fca^«r 

-r. u^t. wiifSRaafen^i oh z u^^2 

ocoffi^-^oT L^-?^%&tc, S^fil 0Hz 
T"L*«-fr-f. T5X*?tf*(0fmX'OH/O F F L 

mkmmmmzgfeM-f. *<nm%. nm^i&<^ 
z>*5Ztimz>, ztitznixm (h«ib) -cim 

[ 0 0 8 2 ] om 1 nssff»sa 1 axu. zti&x 

Xh tz . iiitW Lt^Wi^ii 1 B Tli 1 o 
cO^IUSS2 2^^Wt. -etim^«J®5a, 5b 
^AI«^I^^V-^-^6 aj , 6 b 2 T«t. -e 

mco&jizmmmoiziti. mm ami a) <&% 

IWM5 a.0)ft®Mimz.Xiz% <%-oXlt~>tz%& 

simm 1 mm 5 a tmm*%wh z. t m z . 

[0 083] ZtHZMlXm (SUB) tiit** 

2 2tfm^x.miRv : m2nma, 5bti>iznsj) 

x\ mi9M5 atmrn-ti z t \t^\ astoj#w 
t$>i\tzvmx'&&&7 hvmmczzfto ztizx 

0, ^2«ii5b*^cOii!ffJA^c7)SH^K , 3l^(t{f. 
SV'M«JS 5 a , 5 b <r)&j]*hWh Z t tfX* , Br3 

[0084]^, *nsegJB"C{ir-< y u-^ 2 4 
a , 2 4 b 1 &vm 2 ^mmmzztiztiMA 

%mhWT4 y 2 4 a , 2 4 b <7)|^«^ ^Si. 
TLiV\ 7^/1/^2 4 3, 2 4b**f«6L*<* 
otL*oftJ:3ft«^C C^fiMI0»2 2fc:J:4« 
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wmttmtz* h . mi mmmwm. 1 a -c 
a ofc. ; tiizM ix^mmmcomw 1 b t 

ttlf-* a frft 74 V l'-* 2 4a, 
24b^A-r-g)<ri:^i , 9. **3 0 3ffl*>&*S5 
a, 5bKA*ftft«:ft£iKt1ij£fcLT^ft 0 

[00 85] ltr# (HXl A) 3fSl«i®5ac?)ft 

5fc£fc*ofcrcs fcfc i> , fficomM-r^^^m 2m 

a^b*^m«3 0 3i:SE£»7a£SIoTSSl«*5 

RBfrfcUfnfcrfft ZkiiXZ U:^t, ;<o« 
7J#A^i§£ ( 77X7(OM««4 if fc: J: oT«ffi 

3 0 3^tT<S«7J(4. A#<&^D'h$<&o 

ft o »ri> ) . m ** 5 a t*s $r*a#Ait ix 

JiiSfJATJ^J: 9£U«B5 a#«tr£ d^tltti 
*ft. ttfc, 77X^^*^-ri»Kf<7)75Xvt?gf^ 

[0086] iflfctt LTf&£ B ) OftttHft 

(CJ274 Vl^-?24a, 2 4b*#AU^S<0t, 
mU5a, 5 b ^cDAIt£t?TC£T«f ft £ i: #T 
& , jftfJA^-i ft«}® 5a, 5b C0^«^|5§±§^1 

4. 

[00873 Srtk 74y^-?24a, 24b£ffiffl 

\,zm\ ?%b*>. m®imjjikwirft,zmz>mm 
mtmm±wmm.<7>4%mx-b o . mmmmii 2 
kwnmi l zmiztnti%nm?$)Z>c\kfrt>, mi 

mt ft . **sBg»-cjiiB n«5a cosas 

J^«S:60. 2MHzKR$£U Sf2««5 b<7)ffi® 
MliS^C^ 5 9 . 8MHz£f££Uc?)T\ M«$!g5 a, 

J» %£ffll-fft 0 . 6MKzimtzt5Z#>t:. 

[ 0 0 8 s ] ®m 1 mmmnmw 1 A-m. -%mz 

A7-^-^6a, 6b£l£rfo (£ff2&) IftWi 

2^-f'oys°V-^-^6a 1 , 6a 2 , 6 b:, 6b 2 £f£ 
Itfc (£it4&) . *&*0»fc74 7P-:?24a, 2 

4 b Srtf AU:tf>T\ ilS{±i:X^S^*t«tC»oTi 
«15a, 5 b^nTJtmjj-ttto-hW-*'-? 6 a 

6 & 2 izisii&mimj}te-enThz>« zz\x\ 

mkm\t$ltzWZ7AVV- ?2 4a, 24 bi 
DiS-^»fc^°V-^-^6a 2 , 6b 2 £!£EUS 

[ o o s 9 ] ©m i mmmvmw 1 A-m, s^t§7 



a, 7bJ;D««K-[5lW7--7"^8a, 8b*4HSf 
Z>tzMZTfti$.Ty7£mVziiK Ztilzft LT*HJS 

flpfir if otfc ££&*7J^»"ff £>ixft ^t-t 
i#26a, 2 6b*ffifflLfe. 
[0090] £ll:Oi&#fcJ: 0 . 7JJJV7— m4 kW 
£A7J U UMaft i: *traiS*aKKKi3Vvc 1 . 

5 n m /# t^o nmtm^titz . * fc . ms^HSi 

T-^gt $ftftJgUS%H4£ ? U 71/C^ft . 

[0091] (H3 (vnmmm > 04 *#ss l*#s> 

04 (i, 03fc^UfcSS2||fl0BJBcDigill BcOiSSJH 
» ( VHF ) ^«HI§S^S^iDX.^3^|IM^ 

ffi ft sari c mmmm^-tmxh ft . 

[0 09 2] IHK1C«, M^C02o«ii5a, 5b 
i:. $8^2 0fc, ftffl8tffl»3 0a, 30bt,fiffl 
y7«33L '7TV9 i s*V i S3.*V-934k* 
MlX^l. 2otM5a, 5bli s Rt«iaft6 0M 

Hzcommmm (vhf) ^-y-s-mffi303^^ 
tLMi^mtftia^^Tv^ft. iaffl^7MS3 3 

li. ^=Jg^2 0fc^2«^5bi:«3»A$fL. *2 
«M5 b3&»6l&«S*iftSJ3I»<Offiffl*^7 h^^ft X 
Ol,Z%~oX^l. Z.tUzZ*)m2WBi5bfrt>W&3 0 

3 iz&mz tci mfflmtm itS5a frt>v& 3 0 3 1 

i^*§ilftiSiSl^i:|5lWL^<^0. M«M5a, 5b 
>6^c7)^m^°V-^^7hSilft 0 7ry^gyy'x 
^U-^3 4(i. ffiE^^ft^-^Gffi^7Mg3 3fc 

fto 

[0 09 3] 1^1512 0^JKfdR6 0 MHz cOiSESfii 
«(VHF) ^^S^rfti:. 

l«jS5aT«(i$fL, ^V-*-?6an. TAW 
-9 2 4 a. A°V-^-^6a 2s S^S7 aSr^-fC 
H 1 fiffi^tti^ 3 0 a fciH 0 . Wmttift 3 0a Tfiffi 
ttai*1toTA»t. ^KS2 6a^LT«S3 0 3fc 

[0094] $m&&mm (vhfj <ofl6^-^is, 

fiffiv-7hS3 3-Cfiffi^^7h§tl, ft{4IM«tC®2 
«M5b. y<7-^-^6b 1( 74 V 1^-^24 b. 
A-7-^-^6b 2 , fi^S7b^L"r»2{Sffl«iaj 
»30btMO. fiffi^£ii^30bT-fi[ffl^ffi£fi : ^T 
#idH2 6b£^LTmflg3 0 3fcffi&£iXft. 
{affl^7h»3 3T*ttai:ifittbfc<^2 
fflHsWIBI WtSE^W" ft<fc7tc, 7r^y 3 yyi^ 

u-^ 3 4 3&«»j»tft . tzb^mmmmmt? 

ryfisB y ; J± 3 4 t<toT^4$^ffiS 

«9g^^flffix7b^3 3fcA73LT«l19L^. fiffi 
mi, &frMffi3 0 a , 3 0 b<01tirfct5V^-C#jRtt 
a, b<0ffiffl*fifflttffi»2 6a, 2 6bte«fc0*ffi 
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[0095] mmtmmzto^x . -fecoimmzm 
fit, *»3HiBB)n[-cffifflL 

"0*474*/ l^-*24 a, 24 b £ftflll|§|2 2(4. 
JJES 2 OggtBftBOSit 1 B tffltefc R«^«jg 5 
a, 5b£fN»§-£SIK£s W5a, 5bO££ttfc 

coo96] z\nm. immzfot osfiarcsaw* 

. »«»^«38F»«*«J£*«0 . 74 VI/-* 2 4 

a, 2 4b^»S»f»«fi*iBiTU4V\ 74 
?24a, 24b1fflmt&%:Z<7)'<m&ii s i>&. ZZ\ 

X\ x^h5A7754if (0^~f ) fcfiffitftifJSB 

30a, 3 0 bfcSSRU #«!B*®fS"CftS»»»^ 

[0097] *HSt^|-C(47 r^ygyyx^-^ 

3 4 *>£><0ftffl#Jfflm#Ojf 1 0 k H z <b LT^ 

[0098] (m4cr>mm<7)BM) mszimizw^ 
*mom4 cDnmmmmmz^xmwtz . 
135(4, miiz^Ltimm Antmmtk (vhf> & 

*llI»fc:3Sg*Jni.^|g4^ISSI9BJBfc:fliSSai D« 
&*[l]&£*-fiaT-'$>£o 

[0 0 9 9] HK1D(4. M(02otI5a, 5 b 

b. &&<7)2~X7)W-X-?6a, 6bb. S^f-f- 

4 SSttJBJBTli . * -f 2 &cDtt:£ ItttSffiimM 5 a , 

5 bfr^%tL?tim%z>mmmcDmmmm (vhf > « 
-h^-n-fh. z\ <r>$m&&h $ - 4 o x®& 

U S^»7t3itf^E«2 6S:^UT5^-«tt3 0 
3fc&&Lfc. 

[oioo] ^jS0jB{4, ± i o%mi*i?)fyp^H4 
^#-e# , m%ten.mxmMv>mmm 

hz\b ifiXt tz . ^*»fc*S6SI9BJBT« , te«£EX 
WKt^KffliiRfc^lBPR 0 , i 5 4 0 *>J£ 

[oioi] (mscommcomm) mami,%&t> 
h e « . hi L?tsf i mmw?mw 1 Assays 

6 ( v h f ) tt»nu»fcS5g* Jnifcil 5 «05QBB»fc 

1 E<rM9MR£7r:-tWX'$>&. 

[oi 02] HKiEWu AM$mm$s50b. iUM 

mmsb. nv-x-fbb. msmb. mi&2 
mm 5 0 xmm Lx%h z\bi,zx*), u 7jn»» 

6 0MHz, 3fiiSg|SdR3 0MHz^AM3aW5ffl»fc 



Lfc. ^7-.X-*6. »£87, #ffi»2 6 

LX 9 3 0 3 Cfttt L£ . 

[0103] xmrnmizxtm. ismzmftx-wm 

[0104] (3!6<^ljfc<0^!g) S. Samukawa, "Role 
of Negative Ions in High-Performance Etching Usin 
gPulse-Time-Modulated Plasma", Extended Abstract o 
f 4th International Conference on Reactive Plasma 
s, SR 1.04, pp.415, 1998.t*4i'5t, )\U?V3h 

ayijx. mm. mmm>tfzz%^x7jxvim. 

&mnj*> (c 1-) ^n4§-frT¥»*<ox 
vi-ynzft^zms. ma. mmMfrbm.? 

*l mm^-tryx^trnm-hmzn^mmmzx 

D**te£**4 ^yj&m-fS i b b . 

S . ^3 (C* Lfeffi 2 <7)HSt^3B<OiliI l B fcfflWC , 
2-OCDm%&fflmk<Vg:Z4kHz.bL. >\uy>&<7) 

it, imfM*> (c 1-) 4mi*^x.y 

fc!fl: & eOTgffiftS' mmx&MZ *4 i i: i 0 
T*Mfc:3&»o»mtfi*fi4*y*fl4$-B:x.y^y^ 

[0105] ft&mmi^hmL. m 
<n$mm\t. mmmxiz^ztix^Mmnj * 

VvmmWb 1 0 0 jj&i . 2WXk4WXY 
l,Z%h£olZ, 2 50juffimbltz. C\cDb%. ry 

x^oFF mm 1 i25,u tm& t ^ o , 4 

[0 10 6] i^JH&^JH«£6 0MHz£ffl 

V^ittioT^&T-fflV^ni. 1 3. 5 6MHz 

fc < tiKxr^ximmm^h b mmzryx-?^ 
-xm&m< zzzbtzx*)^ Tyxvfx-mii-h 
xmcot&mn. 4 * y-hmmmzmwm^x 1 . x « y f- 

%. mmco 13. 56MHz #.-^«3»Srfflv^^co 

4 m&ox. v *yrm*m t> tut . *HJt^JB{4 . 

y'Jn yf»««:ir^»ll!lfcfflt^K«S^)77Xv(: 
X&ffif. ^hfyh*>V7?V--y?%b'<r>$m&m 

[0107] ( m 7 comom )m**m ut#t> 
*mm 7 mmmmmm^xwmz . 
\M7H. nts Lfesn 1 aco^«js*3 i immfam 
wmizmatax.tzmKTmmmizmmmi 
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[oio83intiFji, mmkeo. oomhzois 
®mz&m-miwsi5ak.mmii3. 5 6mh 

K9fW^l£20<^i&m£9b 2 , 9h z >*ffiz_X^ 

[01 09] *HM^nyyMXNF 3 CJ;4 
^U^yli^x-y^y^jgfflL^i:^^. 6 0MHz 

<7)<mmmz£&m®mt. 13. 5 6mh z kj:i> 

WL^mmmzx 9. 1 m x 1 m^rat^-^ 
fr^im&^vj-ymm ( 1 0 nm/^i) t>mt> 

titz. 

[01 1 1] ±fBl~7cOHJ^®T1±±^4^ 

io£&it}rst 1 2£mm$mm^ 
mm^zmmi-h z t h . 

[0 112] 

■yf-y^«!ffl*fc:Ki«JB*(VHF) IfflWlmXl 
[01 ] *^^*l-<0ll«JBIBfc:ffi41W«»\<0*& 

iM2] micomtmmi / zx'on^titz2mx2m^ 
xmfccowmzmt itzryx^mmm^^i- 

[w\3) ^m^2commmmmimmM^m 
mi>mizm^tzm&nw;®mmm®mtt®&xu « y 

[04 ] ^m^m^mmmm^zm-mmm^^ 

?0, 

[05] *«W<o»4<oiai0Bfflfc:ffi*Ji««S^^» 
[06 ] *^Wg5^IM^t:«&!Wtfl^^ 



[07] *«BB^KS 7 a£iti^£$*%ttCff'vatt 

[08] ^Jiw^fi 1 ^^**^*^**^ i mzftftt 

l p c v d gfi *ij?t»fiB Xn 7?i. 
[09] &#C7) 5 /-tfto 4 P C 

VD§£B£*-f»TffiXn.y?0. 

[010] ®9<7>mmw.*m-Hfofrt>SLm. 

[011] 1 OOMHzTHtS^l^^L/ifct^ 

mm. 

[012] 6 0MHzi$J:tf 1 OOMHzf^-MS 
[013] 100MHz TWF<RlflfeO-j|$' U 7? 

[«^<7)Si^3 

1A, IB, 1C, ID, IE, 1 F-7°5X^CVD 
2£fi. 

3-T-xmn (aast-^) ; 

5a, 5b-ffiJS*«*L 

6a, 6a!, 6a 2 , 6b, 6bj, 6b 2 -v!7-^- 
7a, 7 b 

8a, 8b"-|5]tt^-77K 

9, 9a, 9b lf 9b 2 -&m£. 

17-#*«&f\ 

1 8-#&*, 

2 0-JfcflMHk 

2 2HMHfl»« 
24a, 24b-7M 

2 6, 2 6a, 2 6b-#ffijHk 

3 0a, 3 0b-ffiffi«KfJ*k 

3 3-fi[ffl^7h». 

4 0-S^-, 

5 0-AM3aBHB», 

I 0 0 • ■ -Tff^MttMX 7 XV C VD§gB, 

I I o-^-mssr^x^cvDSgi, 
30 3 -jy-wsk. 
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^m^rtf^iJ|HT£T@717#l-^ = 



(72) mm ttB mm 

^jf m^^rfT^igHr£TS7i7#ti i 

F?-A(##) 4K030 AA06 AA17 BA30 CA12 DA03 
DA04 FA01 FA03 JA03 JA11 
JA18 KA15 KA17 KA18 KA30 
KA41 

5F004 AA01 BA06 BB11 BB13 CA03 
5F045 AA08 AB03 AB04 AB33 BB02 

BB15 CAB EH04 EH13 EH19 

GB15 



zpwRmm^m. [19] [12] 

[11]^iSSft : 507256 

[44]f*KE 91 ¥ (2002) 10 B 21 H 

[51] lnt.CI 07 : H01L21/00 



PI]**** : 090100208 [22]*fif BS8 = 4>*gH 90*P (2001) 01 £ 04 B 

[30]« % m ■■ [31]2000-069044 [32]2000/03/13 [33]B# 

[31]2000-085281 [32]2000/03/24 [33] 

[72ja m A : 

as® %m b# s a* 

fcflr SB* b* w# b* 

wj &bs b# ^eh je« b* 

[71]* if A = 

^MnJIiaf&WIRatO B* 
[74]«SA = BftJI£ ft£ 



1 

ma@ > wmmmmmmmmun 5. 

(cmmmmmmmmmm^mw- 10. 

MSH^£$«SSt • 15. 

«^«*feSKflfflfe#«^®» 20. 



2 



3.$P*ff^lJ|giim2^^ • 
#«(c)'B!g&g5«»t{B*}IM^K 



- 3343 - 



(2) 



3 

i.ta^mmmmm^mznm > 
mzmm- 

uu^mmmmmmziim • 5. 
mmmzmmmm - 

m^mmmmm 1 • 10. 
> mmmmmxmmm 

mu^m mmmm 2 mzy^m ■ s 15. 
^ffijfc ' MA-Pfiit^min; 

-SiiiiAffiiCSlJ^MPM ' m 20. 

mmzmmwwmmnm ' r 25. 

12. $n*if*pJl5raii«^ffi'K 30. 

13. fl$8ff*fiJ«H3S2:g£;£& > * 
4^(c)&MMMMM*f 
AS-tiaift$^^ • rfn«£ 35. 

14. $n^3f^ij|gHtg2«^j* • Jt 
*#«(c)fefil«A-igf«S^SS« 

mmmmmmmmmmmmzm • 

#S&iS«iI3-iSffatE&«»M 40. 



4 

«K(c)feiS*£#ifJAMHii ' 

mn^mmmmm 1 • £ 

f>#Ic«*lffiltRil - 

«m ' *@g ' iAMii . FM 

zmmmrn - Msnn^-it 

*m ' hoamhib - FMmm > mm 
m^mzmm^^-m • mis 

znmoti/oFPmmiijM&im^te 

$s ° 

i9.m*mmmmmm 1 rnzxrn > g 

£*«ON/OFF&JHJ£--SiH,?g>fb# 
= 

r^#f$(Ax)7(2D) 
S*DI»i(= 2.5 X 10 3 (cmV 
sec)) 

Ax : fi£-ft«MM£££g« 

(cm) 



- 3344 - 



(3) 



5 

m«®^££±ffr8!U X lO^sec = 

20.mmmmmMim2.i5m > n 
4M^a^ r • ^^1.1 

X lO^sec ¥ • 

^mcmmmm^^mmm 15. 

ON/OFF 0.5Hz 

(^)MiookHz(it)$gffl4> ■ wmmz. 

WR ON mmi± 0.01msec(^)M lsec 

2A.m*$immm%23i%23jm > g 20. 

tfJ ON/OFF S^^lOkHz ' EPS 
H ON B#W^;*^ 0.1msec ° 

zmmowoFFmw^m-mmmz. 25. 

S : -Sfe®»(cm 2 ) 
Ax : flMR««ffig|-g«;2JeJi 
(cm) 30. 
Q : — ^«(cm 3 /sec) = 

^TO**ffi^-«iK«ffiie-i(H 35. 

tistsigfi-sip;si - ffn- 
sMiwmsfSTO mi • 40. 



6 

29.a*IMPRMIBBil!62JK:^ > ft 

lo.m^mmmmn 1 • k 

4^W£«^10M8(X)MHz • 

O.lMlO.OMHz - 

1.5 H 6.0MHz • 

33.$n^ !jf«?iJ46H$ 1 ' * 

2 X 10 3 /f ^ L ^ 20 X 107f 
^cfnf^— VHF(MHz) • 

™»mmg£SSLTEtfM x 

10 3 /f • 

(a)WFM&£g««AJC£E18£ 
SJMF^ES«HA-Jjnift«fli ' 

(c) ftmmnmmwsfRto&w- 
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(4) 



7 

mmmmzmnmm ■ sjmtsm 

° 

+ 5IltHT;*:^£««4 J iSfbIi( 

5:«i8tON/OFFaiBJt-SiH3^b^ 

?£M4>-£ffrSB r m ' x SWT 

r^»(Ax)7(2D) 
£4»D*JWRfi«K= 2.5 X 10W/ 
s-')) 

Ax : ^-Sxm«@MS«^SEH 
(cm) 

ffiSHT3££Tfc$§U X lO^sec • 

40. $D 39 - g 

^MfflT^ r - ^T^l.l 
X lO^sec # . 

41. $P^|f^lJ|gH^36^^ - £ 
W«(c)&Jg![«{fc]jKM4>-!!fc 
if • g&g&fi, ' M, > % « % ' £ 
IMS > £-«A*a*®W 

42. ft$mitflJ|6H$36:R£^ ' « 
tf^EfiSrttWffiMWT/J^ 500mm X 
500mm ZX'b ' ®&fc&W*9k 

»»a«80°CS350°C^ 



8 

^mnnmm^'hm 5oo mm x 

500mm > K£g£&M 

5. MinMS«80°CM500 o C^ffi 

*^RS«ffi*WT/h5$ 500mm X 
500mm £*/Jn - HiSiSal 

io. sa . &#K(c)^jg»s^jniia*ffi 
mmmmmmi so°cm 2oo°c£^ 
a« 

45. $n^W*WSH36^^ . % 

15. |S3tft0.1ig 10.0MHz ° 

46. $n*ff*WfflH36^^ - g 

WK(c)&Jgj|$«»{BSS«lffl£M 

Wt%& 1.5 M 6.0MHz • 
20. — £ ; 

25. wMMam&m&mn&. ■ 
iiffiitaiMg-iiiii 

30. SfJ^BfflW^$!l^Mii*MS 

35. 4B.mftmmm%um2giS: • x 
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